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SECTION  I 


INTRODUCTION 

This  volume  of  the  report  describes  the  study  effort  that  led  to  the  selection  of 
feasible  desi^s  for  the  2-D  Unattended  Radars.  The  primarj'  considerations  were 
high-reliability,  low-life  cycle  cost,  very  low  prime  power,  and  existing  or  near- 
term  technology.  The  goal  was  to  identify  those  advance  development  activities 
which  are  needed  to  support  the  development  of  a short  range  (GO  nmi)  2-D  radar 
which  can  operate  unattended  for  periods  of  3,  G,  and  12  months  with  a 0.  9 probability 
of  successful  operation  at  the  end  of  that  period. 

Many  different  designs  were  considered,  including  rotating  and  fixed  antenna 
systems,  at  frequencies  from  UHF  to  S-band.  Signal  processing  concepts  included 
both  analog  and  digital  implementations.  Each  of  the  various  designs  was  subjected 
to  reliability  and  prime  power  analyses  to  narrow  the  concepts  considered  in  detail 
to  a manageable  number  which  had  the  best  chance  of  meeting  the  study  objectives. 

The  conclusion  of  the  study  is  that  the  technology  is  available  now  to  permit  the 
development  of  unattended  radars.  The  recommended  system  is  an  L-band  cylindrical 
array,  totally  solid-state  including  the  Transmitter,  with  an  analog  charge -coupled - 
device  (CCD)  signal  processor  and  a distributed  digital  data  processor.  This  report 
describes  these  subsystems  in  detail,  along  with  alternate  designs  that  permit  trade- 
offs between  performance,  prime  power,  life-cycle  cost,  and  technical  risks. 
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SECTION  II 


D ESIG  N GOA  LS/R  EQ U I H E M E NTS 

The  considerations  which  have  been  used  in  developing  baseline  requirements 
iind  design  goals  and  allocating  them  to  subsystems  of  the  2-D  Unattended  Radar  are 
discussed  herein.  Major  tradeoffs  which  have  been  performed  in  the  course  of  this 
study  are  identified  and  discussed.  Radar  parameters  having  a secondary  effect  on 
the  radar  cost,  reliability,  ;ind/or  performance  have  been  accepted  directly  from  the 
Statement  of  Work  (SOW)  in  order  to  concentrate  attention  on  optimization  of  the  higher 
payoff  parameters.  This  approach  places  the  emphasis  where  it  should  be  for  this 
study  - on  technology  and  reliability  developments  for  the  demonstration  of  the 
feasibility  of  unattended  radar  operation. 

A summary  of  the  radar  design  goals  is  presented  in  Table  2-1.  They  are 
interpreted  and  discussed  further  in  the  following  paragraphs. 

1.  PRIME  POWER 

The  500-W  prime  power  goal  is  based  on  the  total  long-term  prime  power 
capability  of  2 kW  (NASS  Power  System  Requirement,  NRS-RFP-76-35-CAO)  for  the 
unattended  site.  The  preliminary  budget  is  as  follows; 


Environmental 

1.0 

kW 

Radar/ Processor 

0.5 

kW 

Security 

0.4 

kW 

Communications 

0, 1 

kW 

2.0 

kW 

This  does  not  include  the  power  generated  in  the  form  of  heat  from,  for  example,  an 
isotope  or  fossil  fuel  approach.  Therefore,  in  addition  to  the  1.0  kW  available  for 
environmental  control,  the  thermal  by-product  may  also  be  available  for  this  use. 
Thus,  it  is  (K>ssible  that  somewhat  more  than  500  W can  be  available  for  the  radar. 

A serious  design  effort  toward  the  500-W  goal  was  carried  out.  The  design  was 
dominated  by  this  goal  in  that  it  led  to  a different  overall  sensor  form  factor  than 
would  have  otherwise  resulted. 
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TABLK  2-1.  GENERAI,  DESIGN  GOALS 


HE  Bandwidth 
Site  Altitude 
Radar  I’rime  Power 
Erame  Time 
Growth 

Target  Characteristics 
RCS 
Speed 

Detection  Range 
No.  of  Tracks 
Special  Eeatures 


Cover:ige 

Max,  Range 
Min,  Range 
Max.  Altitude 
Max.  Elevation  Angle 
Min.  Elevation  Angle 
Azimuth  Coverjjge 

Resolution/ Accuracy 
Range 
Azimuth 

Height  Accuracy 
Angle  Sidelobes 
Transmit 

Receive 


50  to  4500  ft 
500  W 


4 s 
3-D 


1 to  16  m^ 

80  to  2400  knots 

30  nmi  (1  m^)/60  nmi  (16  m“) 

20 


ECM  Warning 
Zero  Doppler  Detection 
Anticlutter  Processing 
GEAR 


60  nmi 
TBD 
100  kft 


50“ 

^^min 

360° 


at  0 kft 


0.  5 nmi/0,  25  nmi 
3°/0.5° 

NA 

£ -20  dB  (First) 

- -30  dB  (Others) 

< -30  dB 
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lAHl.F  L'-l.  GKXKKAI.  DKSK'.N  GOALS  ^C•0^•T'1)) 


Detection 

l*jj  (3  out  of  4 scans) 


V 


FA 


Tracking 

I’  (Track  Initiate  and  Maintenance) 

P (Drop  Track  Fxiting  Coverage) 

False  Track  Initiation 

Track  Initiate  Time 

Track  Drop  Time 
(Exiting  Target) 


.1.  !)5 
!()-<' 


0,  93 
0.9‘jy 

one  f)er  hour 
16  s 
12  s 


2.  COVERAGE 

Ihe  radar  must  detect,  locate,  and  report  all  valid  targets  in  the  cover- 
age, and  track  up  to  2D  of  these.  Expected  aircraft  vary  in  size  and  spread  from 

F’iper  Cubs  (e.g.  , bush  pilots)  to  fighter-type  aircraft.  For  design  purposes,  the 

2 

smaller  aircraft  are  assumed  to  [)ossess  1 m radar  cross-section  (RCS)  with  a 
Swerling  I t>pc  fluctuations,  and  are  to  be  detected  to  30  nmi.  The  larger  aircraft 
with  16  m^  RCS,  also  fluctuate  as  in  the  Swerling  I model  and  are  to  be  detected  to 
60  nmi.  Target  speeds  range  from  80  to  2400  knots.  The  time  required  for  a scan 
of  the  normal  surveillance  sector  is  nominally  4 s and  variations  up  to  8 s were  con- 
sidered in  this  study.  Frame  time  has  a major  impact  on  the  ultimate  sensor  size 
and  was  trade<l  off  with  power  aperture. 

The  maximum  instrumented  range  of  the  unattended  type  A radar  is  60  nmi.  The 
minimum  range  of  the  radar  was  to  be  determined  consistent  with  the  shortest  pulse 
duration  and  with  tracking  targets  through  the  coverage  volume. 

The  antenna  gain  and  pattern  will  be  such  as  to  allow  detections  of  aircraft  with 

altitudes  up  to  100  kft.  The  nominal  range  vs  elevation  coverage  contour  provided  by 

the  antenna  pattern  will  be  at  least  60  nmi  from  the  horizon  to  an  elevation  angle  of 

2 

15”  noo  kft)  and  approximate  cosecant-squared  (esc  ) in  shape  from  15°  to  50°)  (at 
100  kft),  as  illustrated  in  Figure  2-1.  The  3-D  coverage  of  the  type  B radar  is  also 
given  for  reference.  The  radar  beam  will  provide  low  elevation  coverage  to  the 
ground  from  -10°  to  the  horizon  for  higher  elevation  sites. 

2-3 


_ -A 


Tht-  radar  will  hiwv  the  capability  of  sector  of  full  :UiO°  scan  azimuth  coverage, 
automatically  controlled  bv  the  radar  data  processor  or  via  a conimunication  link  by 
the  manned  site.  Target  tracking  and  reacquisition  will  be  accomplished  over  the 
full  3G0'. 

3.  AC  Cl  RACY 

The  accuracy  (rms  error)  with  which  the  radar  determines  the  range  to  a target 
in  the  coverage  based  on  four  scans  of  data  will  be  0.25  nmi  (1519  ft)  or  better. 

The  accuracy  in  the  azimuth  estimate  of  target  position  after  4 scans  of  data  on 
a target  in  the  coverage  will  be  0.5°  (8.7  mrad)  or  better. 

4.  RLSOLUTIUN 

The  type  A radar  will  declare  2 targets  and  initiate  2 tracks  with  at  least  50'| 
probability  for  two  targets  separated  in  range  by  more  than  0.5  nmi. 

The  radar  will  declare  two  targets  ami  initiate  two  tracks  with  at  least  50% 
probability,  for  two  targets  separated  in  azimuth  by  moie  than  3°  in  the  -10  to  15 
elevation  interval. 

The  angle  sidelobe  adjacent  to  the  main  beam  on  transmit  should  be  at  least 
20-dB  down  from  the  main  transmit  beam  boresight  resiionse.  Trimsmit  sidelobes 
further  out  should  be  kept  at  least  30-dB  dowai.  All  receive  sidelobes  should  be  at 
least  30  dB  down  from  the  main  receive  boresight  resyjonse. 

5.  AUTOMATIC  DETECTION'  AND  TRACKING 

Target  detection  (track  initiation)  luid  tracking  will  be  fully  automated  in  the 
type  A radar,  with  automatic  correlation  of  radar  and  Identification  Friend  or  Foe 
(IFF)  returns. 

The  radar  wall  achieve  a 0.95  probability  of  detection  and  track  initiation  on  a 
1 KCS  target  within  30  nmi  (or  on  a 16  m^  RCS  t:irget  w’ithin  60  nmi)  within  16  s 
after  it  enters  the  resjxjctive  surveillance  volumes  defined  by  those  maximum  ranges. 
The  probability  will  be  at  least  0.95  that  the  radar  will  maintain  (not  drop)  a track  on 
a valid  target  in  the  coverage  during  the  present  scan,  i'he  probability  will  be  at  least 
0.999  that  the  radar  will  drop  a track  on  a valid  target  within  12  or  16  s of  it  exiting 
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thi'  ('ovornfio . 'i'hc  r;ifl;ir  will  imtialf  tnlsc  I r'tfks  ;il  ;m  •ivciMtjr  r;iU‘  of  less  tti;in  oru.- 
per  hour.  The  rnd;u-  will  develop  a ,srnf>othed  e.^it imai  • of  the  headiriK  of  rill  track-  in 
the  coveratte  to  at  leri'^t  -f)  . The  radar  \^III  di  idop  a si  , lothed  estimate  of  the  ranti*'- 
a/imuth  veloeit\  niiitlhitudi'  of  a tarfiet  in  the  covera  te  aeeiiratc  to  lietler  than  lO'v  of 
its  actual  \elocit\  for  nonmaneuvt'nnt;  tar^ji-ts. 

I he  radar  ilesign  will  accommotiate  the  eltects  of  strong  inni.ipath  returns  with 
resjieet  to  initiation  and  maintenance  of  tracks.  The  radar  design  will  aeeommrxlate 
the  returns  from  clutter  and  provide  a clutU'r  impro\ement  factor  sufficient  to  main- 
tain detection  and  tracking  when  target  and  clutter  are  resolvable.  The  clutter  model 
should  include  reflectivities  from  land,  sea,  snow,  ice  and  aurora  applicable  to  pre- 
vailing en\  ironmental  conditions  anticipati'd  :it  the  sites.  The  models  given  in 
I able  2-2  are  to  be  used  tor  (Xirlormance  evaluation.  A clutter  improvement  factor 
of  50  dll  with  res[)ect  to  ground  clutter  and  30  dB  with  respect  to  weather  clutter  is 
the  design-to-pcrformance  guide. 

TABLE  2-2.  CLETTEH  AND  ENVUBbVMENT  DATA  (GUIDE) 

Reflectivity  (dBi 


UB  E 

L-Band 

8-Band 

Land  (iutter 

.Median 

-3‘J 

-34 

-32 

84th  Percentile 

-29 

-24 

-22 

Sea  Clutter  (Sea-State ) 

1“  Depression  Angle 

(H) 

-72 

(V) 

-53 

(H) 

-55 

(V) 

-48 

(H) 

-42 

(V) 

-41 

3°  Depression  Angle 

-G2 

-51 

-50 

-43 

-42 

-39 

(H)  is  horizontal  [lolarization 
(V)  is  vertical  (lolarization 

Rain  up  to  15  mm/h  from  0 to  30  kft  for  a storm  cell  size  up 
to  5 miles  In  horizontal  e.xtent.  Wind  shear  0 to  80  knots  from 
0 to  50  kit  with  an  arbitrary  shear  distribution  over  this  altitude 
range. 
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SYSTKM  DKSICiN* 


1.  RKgi'IHKMEXTS  ALLOCATION 

a.  covi;ra(;i-; 

The  range  cover;ige  re(|uircmc!its  implies  n maximum  instrumented 
range  of  at  least  (10  nmi,  which  corresponds  to  a minimum  receive  listen  time  of 
741  fjLS.  The  m;c\imum  practical  pulse-repetition  trec|uency  (I’RFi  without  interleaving 
is  theref<;re  about  1300  Hz. 


The  azimuth  coverage  re(|uirement  allows  for  s<“ctor  scanning  up  to  and  including 
full  3(50°.  For  a fixed  number  of  pulses  (jer  azimuth  resolution  cell,  the  PRF  and 
azimuth  coverage  si)ecifies  the  frame-time  beaimvidth  pnxluct,  i e., 


N(l^ 

■'  f^I  PRF  • Kpj, 

where 

0 ^ azimuth  sector  coverage 

N no.  of  pulses  per  azimuth  resolution  cell 

I’RF  pulse  repetition  frequency 

azimuth  resolution  (3-dB  beamwidth) 
beam  packing  factor 


(3-1) 


This  relationship  is  illustrated  for  33  pulses  in  I- igure  3-1  for  various  sector  cover  s. 


Minimizing  prime  power  reijuirements  drives  the  designs  toward  narrow  beam 
high  gain  antennas.  Figure  3-1  illustrates,  for  example,  that  4-s  data  rate  is  com- 
patible with  a 1.5°  design,  using  approximately  240°  sector  search.  It  also  illustrates 
that  3(50°  coverage  at  a 4-s  rate  calls  for  a beamwidth  of  at  least  2.3°.  This  is  a major 
factor  influencing  the  recommended  radar  design. 

The  elevatifin  cfiverage  [irincifially  affects  the  cst;  antenna  (lattern  design.  The 
desire  to  maintain  20  dH  on  the  first  transmit  sidelohe  and  30  dB  on  the  rest  dictates 
the  taper  efficiency,  or  loss,  which  must  he  taken  as  a result  of  the  aperture  illumi- 
nation. For  ef|uivalent  azimuth  Taylor  weighting  of  30  dB,  n = 0 in  a cylindrical  array 
approximatelv  0.  (i(5-dB  taper  loss  results.  .Accounting  for  element  gain,  mutual 


coupling  (‘Ik’cts  .infl  tnpor  ofl'ici(;nric-s,  mtenna  sUidifS  performed  on  this  contract 
have  shown  that  cse  elevation  pattern  ctAerinfi  U[)  to  inu  kft  and  -10®  to  about  50®, 
with  a 15  corii€>r  angle  and  1.5  , 3-dH  nominal  a/imuth  bmimwidth  results  in  a one- 
wav  direc:ti\f  antenna  gain  of  ab'uit  2b.  i)  dB  at  l.-band  '1  he  one-way  directive  gain 
increases  in  proportion  to  tlie  square  of  frequency,  and  in\ersely  with  the  efiective 
solid  anjtle  beamwidth. 

* 
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figure  3-1.  Frame  Time  and  Coverage  Tradeoff  Relationship 
b.  HKSOLITION 

"I’he  directive  gain  is  fixed  firirnarily  by  the  pattern.  The  aiierture  dimensions 
increase  in  direct  proportion  to  the  effective  solid  angle  beamwidth  and  inversely  with 
the  frequency,  i'he  cylindrical  aperture  dimensions  for  a 1.5  (3®)  azimuth  beamwidth 
l.-band  pattern  providing  thi>  elevation  coverage  desired  has  been  found  in  the  antenna 
design  sturlies  to  be  about  4-1  (22)  ft  in  diameter  and  4.5-ft  tall.  The  1.5°  (3°)  design 
uses  04  (32)  columns  in  a 30°  arc  of  the  cylinder  to  form  the  azimuth  beam.  The  ef- 
fective afierture  for  the  1.5°  beam  case  is 

2 

A r-  C'  - 32  ft'^  (3-2) 
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riie  projected  physienl  area  ot  the  ai'>erture  is  about  Mu  tt“  (Ml.  1 ft  ,\  4.5  ft).  I'he 
total  taper  loss,  therefore,  for  the  csc^  elevation  i)eam  with  3<t  dH  n d Taylor 
weighted  1.5  azimuth  Ije.'im  is  apiiroxiinately  (>.4  dll. 

The  half-mile  raiif^e  resolution  reejuired  dictates  at  least  162  kllz  bandwidth 
waveforms  and  processing.  A bandwidth  ot  25u  kllz  allows  for  range  sidelobe  control, 
it  rec^uired,  and  nonideal  (a'rformance.  A pulse  duration  of  12s  4s,  consistent  with 
reliable  solid-state  oi>eration  at  about  15'.  duty  factor,  gives  a reasonable  I.I-'M 
waveform/|)ulse-compression  signal  processor  with  a BT  (irotluct  of  32. 

c.  Acer  RACY 

'iTie  quarter-mile  range  accuracy  requirement  implies  2:1  range  splitting,  which 
is  easily  accommodated. 

An  azimuth  accurac\  of  0.5  requires  at  most  about  6:1  beamsplitting.  This 
level  of  accuracy  can  be  easih  and  inex|H*nsivel>  achieved  with  a seciuential  lobing 
type  of  measurement  procedure,  in  which  a ratio  is  formed  of  the  vicieo  32  pulse 
integrated  samples  in  adjacent  azimuth  cells  and  compared  in  the  data  processor  to 
a stored  table  of  beam  pattern  magnitude  ratios  vs  azimuth  arrival  angle.  It  can  be 
shown  that  this  procedure  yields  a maximum  likelihood  estimate  of  angle  of  arrival 
in  the  absence  of  beam-to-lx-am  echo  coherence.  Figures  3-2  and  3-3  show  the 
accuracy  (rms  errori  of  such  a scheme  in  the  presence  of  thermal  noise  vs  angle  of 
arrival  (in  3-dB  beamwidths),  signal-to-noise  ratio  (SNR),  and  number  of  pulses, 
as  given  by: 


N/2(k-l)nSNR 

where 

actual  rms  error 

(T  rms  error  normalized  to  3-dB  beamwidth 

measurement  sensitivity  factor 
0^^  3 dB  beamwidth  (rad) 

k number  of  diversity  pulses  noncoherently  integrated  per  beam 
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Figure  3-3.  Accuracy  Degradation  vs  Target  Angle 


This  result  assumes  no  significant  target  fluctuations  from  one  azimuth  dwell 
to  the  next  and  Sw/erling  II  type  fluctuation  from  diversity  [lulse  to  diversity  pulse. 

The  beam  packing  is  optimum  when  the  distance  between  beams  is  85^.  of  the  one-way 
3-d B beamwidth. 

For  an  average  ex(>ected  SNR  on  the  order  of  0 dB  per  (>ulse  as  reejuired  for  a 
detection,  k'igure  3-2  shows  that  about  14:1  beam  splitting  is  achieved  on  a target 
exactly  at  the  crossover  point  between  two  azimuth  beams.  For  a 1.5“  (3°)  beam, 
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this  curn'spomis  m an  i/in.'.iil-.  ici'  ir:i(>v  of  'loiit  'i.  1°  (0  2° N'oi  accounting  for  the 
two  1‘stirr.atcs  otifaincH  on  sncli  a target,  iicrforniancc  is  worst  when  the  tnrt'Ct  is  on 
ihi'  peak  of  a l'<  ant.  In  this  cast',  it  iicjir.nJt.-s  lo  aht'ut  P..'ir)“  oi.  7°  i.  Naturally,  for 
closer  or  hijilier  SNH  targets,  the  [»er  scan  acci'ra  'v  improves  icconlinKlv.  For  either 
hcamwicith,  tlu'  atcra,;c  accur.icv  oxa-rail  tarjict  arnt  ri'  anjiles  is  bc'tter  than  n.  5°. 

d.  .Al'TOMA  nr  OFTFl'  TION  AM)  THAi  KiN't; 

Automatic  detectinji  and  tracking  of  up  to  20  simultaneous  tarjtt'ts  is  ret|uired  of 
the  radar.  The  three-out-of-four  (.3'4)  scan  cumulative  criterion  repre.sents  a reason- 
able detection  track  initiate  criterion  in  the  clear.  It  reduce.^  the  effect  of  false  alarms 
|ier  resolution  cell  per  beam  while  also  allowing;  a reduced  detection  probability  per 
sctin  - and  hence  smaller  radar.  .Alternatives  to  the  three-o>jt-of-four  scan  criterion 
were  considered,  viz  one-  and  Iw o-out-of-four.  To  compare  these  tiltematives,  the 
l>rol)abiliU'  of  false  track  initiate  and  overall  detection  prohabilitv'  f).  O,"!  respectively, 
were  held  fixed  at  10  consistent  with  the  unity  averane  false  track  initiate  rate 
desired.  Both  alternatives  showeri  lower  SNR  renuin  fl  than  the  three-out-of-four 
critt'rion.  Furthermore,  both  criteria  outperform  the  three-<'Ut-of-four  in  clutter  and 
multipath.  The  variation  of  3 '4  and  1'4  cumulative  detection  probability  with  single- 
scan  probabiliPy'  of  detection  is  depicted  in  Figure  3-4.  For  a cumulative  detection 
track  initiate  [irohability  of  0.‘J5,  the  single-scan  probability  of  detection  required  is 
0.3  for  3 4 and  0.  .53  for  l/4  detection.  For  a single  cell 'scan  probabilitx’  of  false 
alarm  of  B)  the  SNR  reijuired  to  achieve  this  0.  3 probability  of  detection  (Bv  non- 
coherentlv  integrating  the  results  of  K-diversity  groups  of  N K coherently  integratfd 
pulses)  is  shown  in  Figure  3-5.  This  figure  shows  a minimization  in  [>er  pulse  re- 
quired SNR  in  the  vicinity  of  four  diversity  channels.  I or  32  total  pulses,  the  required 
average  SNR  associated  with  4 diversiU'  channels  and  8-pu1si'  Dopfiler  processing  is 
about  1.5  (113.  However,  it  is  not  clear  that  10  probability  of  false  alarm  per  cell  is 
reasonable.  First,  by  reducing  the  [ler  cell  probability  of  false  alarm,  the  single-scan 
radar  threshold  can  be  lowered  thereby  decreasing  the  average  expected  SNR,  pulse 
r(*()uired  for  detection  to  the  0.9  single-scan  level.  The  question  that  is  addressed  in 
this  study  is  "Mow  small  may  the  single  scan/cell  probability  of  false  alarm  be 
sfiecified  without  significantly  increasing  the  data  jirocessing  load  with  noise  tracks?" 
The  answer  to  this  question  obviously  depends  rather  strongly  on  the  exact  nature  of 
the  track  initiate,  maintenance,  and  dropfiing  algorithms.  The  problem  was  analyzed 
in  detail  taking  into  account  target  motion,  and  scan-to-scun  correlation  window  size. 
Considering  a target  with  no  scan-to-scan  motion  as  a simple  examiile,  the  variation  of 
the  probability  of  a false  track  initiate  (i.e.  , initiate  on  noise  only)  with  single  cell/ 

scan  probability  of  false  alarm  is  as  shown  in  Figure  3-(>. 

3-() 


>K  SNU  t<in) 


H 


'■-IV.'  ^ • M.I  s*  \S 
>n\un  \ .'*1  "V  1 \i  •>»  \i  \- 

I'inurr  .S-fi.  Variation  of  the  I’roljability  of  a l-alse  Track  Initiate  with 
Sini;le  Cell/.Scan  cri  a No  Scan-to-Scan  Motion  Target 

This  figure  is  somewhat  optimistic  in  that  it  d<;es  not  account  for  the  independent 
chances  of  false  alarm  involved  in  searching  a single-scan  correlation  "window"  of 
range-a/imuth  resolution  cells  - necessary  to  allow  for  possible  target  motion  (and 
included  in  the  detailed  analysis).  It  does  indicate,  however,  that  a per  cell  false 
alarm  probability  of  10  is  excessive  for  the  three-out-of-four  processing  in 
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that  there  is  no  need  to  make  the  likelihood  of  false  track  initiate  as  remote  at  10 

-4 

If,  for  example,  the  single  cell  I’j-  is  relaxed  to  lo  , the  probability  of  false  track 
initiate  will  remain  excellent  (10"^^),  while  the  i>er  pulse  rer|Uired  SNR  reduces  to 
about  0.  2 dB  as  illustrated  in  Figure  3-7. 

A more  accurate  and  detailed  analysis  comparing  the  track  parameters  for 
I’l  10"^  and  I’j  lo~^  considering  correlation  required  for  target  motion  is  included 
in  Table  3-1.  It  clearly  im|)lies  that  the  single  cell  1’^  requirement  should  be  relaxed 
to  10“^. 

Figure  3-8  shows  a comparison  of  the  required  per-pulse  SNR  vs  the  probability 
of  false  track  Initiate  which  indicates  a further  savings  of  approximately  1 dB  using 
one-out-of-four  processing  at  the  1()“^  to  10“^  design  range.  This  is  also  more 
attractive  in  the  presence  of  clutter  and  multipath  as  descril)0(i  below  and,  therefore, 
is  the  recommended  track  initiate  algorithm. 
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The  purpose  of  track  initiation  is  to  establish  a sufficiently  accurate  tarjtet 
state  vector  in  order  to  initialize  the  tracking  filters  and  minimize  the  probability  of 
losing  initial  tracks.  The  "M-out-of-N"  scheme  is  well  suited  to  this  role.  For  the 
.1-out -of-1  process  used  above  to  verify  detections,  the  |)osition  vs  time  (normalized 
the  pt'r-scan  metisurement  accuracy,  is  shown  in  Figures  ,‘1-9  and  3-10  for 
the  Type'  2-1)  and  3-1)  radars.  The  variation  in  the  times  reflect  the  4-s  and  12-s  scan 
rates,  respt'ctively . It  is  seen  that  the  prediction  errors  are  substantially  reduced  in 
four  scans  (4-out -of-4  detections  are  shown)  thus  providing  a reasonable  state  vector 
uncertainty  for  track  filter  initialization. 

2 r,  ^ IVPf  9 RAOAP 
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Figure  3-9.  Position  Accuracy  vs  Time  During  Track  Initiation,  N = 4 
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Figure  3-10.  Velocity  Accuracy  vs  Time  During  Track  Initiation 
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The  miniimun  ir;iekin}i  aceui  iiey  re(|uireiTienls  of  t 3°  in  headinj;  and  ±1(/,  in 
S(H.'ed  are  a lunetion  of  tart;et  velocity , flight  path  through  the  coverage,  and  radar 
tv()e.  I'he  following  sam{>le  track  assumes  a IMOu-knol  target  penetrating  the  radar 
coverage  at  a constant  altitude  in  a north-to-south  flight  path  laterally  displacet!  west 
of  the  rad:ir  In  one-half  of  its  nuixiinum  range.  Figure  3-ll(b)  illustrates  this  pro- 
file for  the  (io-nmi  Tvf>e  A radar  and  the  lao-nmi  version  of  the  'type  H radar.  Ihe 
{K'r-scan  measurement  error  vs  range  is  shown  in  Figure  3-ll(ai  for  eacli  radar  t\|K’. 
I'his  error  is  dominated  by  the  thermal  angle  error  component  except  for  short 
r.mges  for  the  I'ype  A radar,  which  clearly  shows  the  range-indeiiendent  jitter  error 
limitation.  I’he  resulting  smoothed  hi  ading  and  velocity  accuracy  as  a function  of 
track  time  is  shown  in  Figure  3-ll(C)  for  the  in-eoverage  durations  of  both  the  Type  A 
and  Tv[)e  B radars.  I'he  specified  accurac\  is  achieved  shortly  after  track  start 
(after  three  scans  for  the  Type  B radar  and  after  seven  scans  for  the  I'j'jie  A radar). 
As  showm,  the  a priori  state  vector  is  assumed  to  be  unknown.  Therefore,  the  speci- 
fied accuracy  is  essentially  achieved  u])on  comiiletion  of  track  initiation.  Thus,  the 
track  filter  (iroblem  is  a relatively  simple  task.  The  error  is  the  2-D  and  3-D 
uncertainty  of  the  lA'iie  A and  IVi^e  B radars,  res|K*ctively,  and  which  is  represent- 
ative of  the  error  for  a constant-altitude  target  or  a variable-iiltitude  target  with 
high-quality  IFF  in  the  case  of  the  2-D  radar  or  a constant/variable-.'dtitude  target 
for  the  3-D  radar. 

e.  BKKFOHMANCK  IN  MFLTIPATIl 

Present  DKVV  line  sites  range  in  elevation  from  42  to  4 720  ft,  ns  tabulated  in 
Table  3-2.  The  r.adai'  horizon  range  for  various  target  and  radar  heights  is  shown  in 
Figure  3-12.  For  exam[)le,  a ooo-ft  target  at  60  nmi  has  line-of-sight  visibility  only 
to  radars  above  700  ft  in  height  in  the  absence  of  anomolous  (iropagation  affects  such 
as  excessive  retraction  and  ducting,  mountains,  obstacles,  etc.  Generally  S(x>aking, 
multipath  and  diffraction  effects  near  the  horizon  cause  the  radar  to  detect  targets  at 
ranges  less  than  the  radar  horizon.  Problems  caused  by  multipath  to  the  radar  may 
be  roughly  grouixai  into  two  categories: 

1.  Initial  low-flyer  detection  problem 

2.  "Patchy"  detection  and  tracking  due  to  higher  elevation  "lobing" 
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f'igure  3-11.  Target  Track  Example 


The  first  |)roi)lem  is  attrii)utal)le  primarily  to  the  diffraction  phenomenon,  which 
results  in  drastically  attenuated  signals  below  and  near  the  radar  horizon.  The  sec- 
ond cause  arises  because  of  in-phase  and  out-of-phase  addition  due  to  the  path  lenf^th 
difference  between  the  direct  ;md  indirect  paths  of  propagation  for  targets  above  the 
radar  horizon. 


Figure  3-12.  Radar  Horizon  vs  Site  Elevation 

Figure  3-13  is  a plot  of  the  two-way  multipath  propagation  factor*  in  dB  vs 
range  for  a constant  height  target  at  500  ft  approaching  an  I. -band  radar  at  1000  ft 
height.  This  factor  directly  adds  to  the  SNR  in  free  space,  and  so  the  nuige  at  which 
the  SNR  in  the  presence  of  multipath  becomes  equal  to  that  required  for  detection  in 
free  space  is  that  corresponding  to  the  interaction  of  the  two-way  propagation  factor 
and  the  40  log^^l  space  detection  range  of  the  radar).  For 

example.  Figure  3-13  illustrates  that  a 1000  ft  I. -band  radar  with  a free  space  detec- 
tion range  of  60  nmi  detects  a 500  ft  target  at  about  60  nmi.  Curves  such  as  Figure 
3-13  have  been  used  to  compare  UHF  and  L-baitd  performance  for  500-ft  target  vs 


*By  taking  a sea-state  of  zero,  the  most  severe  multipath  case  results,  corre- 
8(x>nding  to  specular  reflections. 
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Multipatli  r-1- actor  l(jr  a 500- Ft  Target  Height  :incl  a 1000- Ft  Radar 


n3<?: 


site  t lcvatioa  m multipath,  the  ’’osults  of  which  are  graphed  in  I'iEure  3-14.  The 
I. -hand  radar  has  a ■>  to  l.'i  mile  advantaj^e  over  a riiK  radar,  depending  on  the  ex- 
tent of  additional  tower  mounting  for  the  [.-band  antenna  owing  to  its  smaller  size  and 
lighter  weight.  'Ihis  can  reinesent  up  to  about  10  dll  SNH  advantage  for  I. -band  over 
I MF  for  the  low  elevation  sites. 

rhc'  cumulative  M-out-of-N  detection  of  low  tlying  targets  is  even  more  adversely 

affected  by  the  diffraction  multipath  and  diffraction.  Figvire  3-1.5  shows  the  cumulative 

detection  probability  h)r  .i  3-out-of— 1 process  of  a 15(i-ft  l.-band  tlO-nmi  range  radar 

(single  scan  i'  o.  !»i  against  a constant  500-ft  height  24ot)-knot  target.  The  detection 

-4 

range  is  about  38  nmi  for  (i.!)5  cumulative'  jirobability  of  detection  in  multipath  at  10 
fal.se  alarm  probability. 

The  "patchy"  detection  problem  caused  by  interference  regiem  lohing  can  also  be 
illu.strated  (Figure  3-10)  by  examining  the  ;x'rformance  of  the  same  target  against  the 
same  radar,  only  located  at  the  highest  site  of  4500  ft.  For  this  radar,  a GO-nmi  500- 
ft  target  is  well  aViove  the  radar  horizon,  "’’he  radar  would  get  an  occasional  track 
initiate  to  well  beyonrl  GO  nmi,  but  would  not  get  a reliable  track  initiate  until  about 
40  nmi.  Bv  contrast,  the  single-scan  detection  range  indicated  bv  Figure  3-14  is  well 
bevond  GO  nm»  ' nder  these  severe  mull\]')alh  conditions,  the  cumulative  four-scan 
det('ction  range  is  actuallv  less  than  the  single-scan  dete<'tion  range.  This  is  because 
of  the  significant  f)robability  that  the  target  will  be  in  a null  of  the  propagation  factor 
on  more  than  one  of  the  four  scans.  Better  cumulative  detection  in  nmltipath  results 
when  the  criterion  is  1 or  2 out-of-four.  I'he  cumulative  detection  performance  under 
the  one-out-of-four  criterion  is  shown  in  Figures  3-17  and  3-l»<.  .Scan-to-scan  pro- 
cessing based  on  the  one -out -of -four  criterion  is  recommended  for  a baseline  design 
because  of  its  su{K-rior  (x.-rformance  in -the-clear,  in  multipath,  and  in  clutter. 

Another  manner  of  illustrating  the  lobing  effect  of  multipath  on  the  radar  for  tar- 
gets in  the  interference  region  is  to  show  single-scan  detection  contours  on  a range- 
height-angle  chart.  Figure  3-19  shows  the  coverage  in  multipath  afforded  by  a first- 
cut  synthesis  of  a "typical"  100-kft  csc^  pattern  on  a Gn-nmi  radar.  This  pattern  was 
synthesized  by  weighting  six  uniform  sin  x /x  beams  for  the  sole  (lurpose  of  illustrating 
multipath  effects.  Also,  the  attempt  was  made  to  account  for  the  decreasing  atmos- 
pheric loss  at  higher  elevations,  which  would  increase  the  high  angle  appreciably  over 
that  Indicated  in  Figure  3-19.  More  practical  and  detailed  syntheses  of  the  actual  pat- 
tern were  accomplished  in  the  study,  taking  info  account  the  array  cylindrical  geometry', 
elevation  patterns,  but  were  inconvenient  to  use  in  the  multipath  analysis. 
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Figure  3-15.  Three-(Xit-()f-Four  Cumulative  Detection  for  a 150-Ft  Radar 
and  a 500-Ft  Target  Height 
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Figure  3-16.  Three-Out-Of-Four  Cumulative  Detection  for  a 4o00-Ft  Radar  and 
a 500-Ft  Target  Height 
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Figure  3-17.  One-Out-of-Four  Cumulative  Detection  For  a l^O-R  Radar 
;md  500-Ft  Target  Height 
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Figure  3-18.  One-(Xjt-of-Four  Cumulative  Detection  for  a 4500-I''t  Radar 
and  ,'iOO-Ft  Target  Height 
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Fisiire  Coverage  Pattern  in  the  I’resence  of  Severe  Multipath 

f.  CLL'TTEH  HEQriHEMP:NTS 

Design  retjuirements  for  the  Unattended  Radar  depend  on  the  environment  in 
which  it  must  oi^erate.  A (quantitative  descriq)tion  of  this  natural  environment,  com- 
(jrised  of  land,  sea  ;ind  weather  clutter,  will  vary  markedly  over  the  possible  radar 
site  locations.  Design  specifications  were  established  to  jx'rmit  the  radar  to  meet 
performance  recquirements  in  the  most  severe  site  clutter  environment  :uid,  thereby, 
exceed  the  rerquirements  for  most  site  locations.  In  accordance  with  this  philosophy, 
a worst  case  environment  was  (quantitatively  defined  c'lnd  the  radar  design  is  based  on 
this  pessimistic  model. 

(1)  Ground  Clutter  RC^S 


Ground  clutter  is  assumed  to  enter  the  radar  through  the  mainlobe.  The  RCS 
of  this  clutter  relative  to  a target  RCS  is  given  by  the  ex[)ression: 


R 0 ru  G'  G'  G 
az  o t r g 


(3-4) 


3-21 


•d 


0^  KCS  ol  n .segment  ol  gi’ound  clutter  at  range  H 

H Range  to  ground  segment 

0 'I'\\()-wav,  :t-dH  azimuth  beamwidth 

az 

r Radar  resolution  in  range 

Retlectivity  ot  ground  clutter 

Transmit  gain  of  radar  antenna  pattern  in  direction  of  ground 
segment  relative  to  peak  gain  on  target 

O'  Recei\  e gain  of  radar  in  direction  of  ground  segment  relative 

to  peak  gain  on  target 

G Ground  re-radiation  pattern  gain  in  direction  of  radar 

A plot  of  the  ground  clutter  RGS,  as  a function  of  range,  R,  is  given  in  Tigure 
3-20  for  both  medi;ui  ground  clutter  and  84  percentile  ground  clutter  return  as  defined 
by  the  following  conditions; 

0 1.5 

az 

r 600  m corresponding  to  a 250-kllz  sign;il  b:indwidth 

9 2 2 2 

0 = -34  dBm“/m  for  median  ground  reflectivity  and  -24  dBm  /m 

^ corresponding  to  the  84th  percentile  clutter  as  stated  in  the  SOW 

G^^  =1  (worst  case  assumjjtion) 

G^  =1  (worst  case  assumption) 

G^  =1  (worst  case  assumption) 

The  ground  clutter  RCS  shown  in  Figure  3-20  is  highly  pessimistic  because  the 

gain  factor  G and  relative  factors  G.,  G were  taken  as  unity.  This  would  be  correct 
o L r 

for  the  case  in  which  the  radar  beam  is  pointed  per))endicular  to  the  clutter  as  might 
occur  when  the  radar  beam  is  directed  at  a mountain  or  other  prominance  rising  above 
the  ground  phuie.  More  typically,  the  ground  plane  itself  would  be  illuminated  and  the 
resulting  clutter  return  would  be  received  off  the  peak  of  the  radar  antenna  pattern. 

It  will  be  shown  that  this  effect  attenuates  the  ground  plime  clutter  by  3 to  10  dB 
depending  on  the  radar  range  and  antenna  height.  The  G term  is  a function  of  the 
grazing  angle  made  by  the  radar  beam.  For  an  ideal  diffuse  scatterer  the  re-radiation 
pattern  varies  as  the  sine  of  reflected  angle  which  equals  the  radar  beam  grazing 
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Figu 


(.n>un«!  rlutu  i iiu-nu.it.i.M  i>l  Ik  to  ;ju  dli,  (kiR-nduiK  <>n  radar  rrmnc  and 

anlJ'tina  h^l^;ht,  will  In  -tu'Wii  to  ori-ur  liri-aiiKf  ol  thl>  i lloct. 

I'h<  plot  t mcp  IP  . I . .111!  i-liitt.  I l<(  ^ shown  in  1 :(--<•  is  si*fn  to  increase 

with  i.tiiKi  "ut  i I MI,  iiti  I whn  t,  till  ii.r\t  r^•\er'.^.s  aiul  the  clutter  falls  rapidly 
wilti  nil n is|iu  I 1 I --  ;’"'mt  i l oi  i'mhI.s  the  hori/on  limit  tor  a radar  at  the 

ma.xi  nui  It,  ill  . , ; , i,  i i It , 1 ■ i n w t i i 1«  \ at  ion.'- , the  hot  i / on  li  init  occurs  at 

elo.>-t  t i.iiini  , • •'  1 . -■  ! I . -It  elevation  r nlai  , i.s  ^iven  by  the  equation: 

i(^  V I (3-5) 

ti 

W til  It 

K.  h . t.  ■ ■ ■ 

h 

1(  t .irth’-  i i.i  11  i-e.i  \ , 1 actor  to  account  lor  atmospheric 

' r e 1 1 II  1 1 ' . I l<^  '-t''  . ^ M , 

h I'.. dial  .intemui  hi  uht 

lU  vond  till  hori/on,  the  uroimd  n tlet  tivitv  has  l>een  lound  empirically  to  decrease 
at  least  as  fast  as  r;iiiKe  to  the  fourth  |H.wer.  1 he  effect  of  this  on  the  average  ground 
clutter  KCS  i.s  shown  in  1 inuie  .'t-jo  ;it  the  range  beyond  153  km. 

•) 

I'or  refi-rimce  [niriMises,  target  Kt'S  of  1 m"  and  1(1  m”  are  also  shown  in 
f'igure  This  |»ermits  one  to  determine  flutter-to-Signal  Hatio  (CSH),  the 

clutter  to  target  signal  level,  as  the  amount  by  wltich  the  ground  clutter  exceeds 
these  tyfiical  target  cross  sections.  ']  he  separation  between  the  clutter  HCS  line 
.md  th€-  target  HCS  line  can  be  read  directly  as  the  CSH.  It  is  seen  from  Figure  3-30 
that  this  separation  increases  with  range  so  that  the  maximum  CSH  occurs  at  the 
maximum  range  of  the  radar.  Ilie  largest  value  of  CSH  is  obtained  from  the  curve 
as: 

(CSH)  35.4  dll,  relative  to  a 1 m^  target  HCS  at  maximum  radar  (3-6) 

riuige  of  30  nmi,  due  to  S4th  |>ercentile  ground  clutter 

Another  reference  line  shown  in  Hgure  3-20  is  labeled  ^ind  corresjxjnds  to 

that  cross  section  which  yields  a signal  level  just  equ;d  to  the  thermal  noise  level. 

This  curve  Is  based  on  a radar  system  reference  design  which  provides  1.5-dB  SNR 

2 2 
from  aim  target  at  a 30-nmi  range.  In  accordance  with  this  design  point,  the  1 m 
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line  in  Figure  3-20  is  l.fi-dli  above  to  line  at  30  nmi.  Having  obtained  one  [joint 

on  the  "ij  " Urn',  the  line  is  drawn  to  compensate  for  a fourth  [Kjwcr  fall  oft  of  signal 
n 

[)ower  with  range  as  |)er  the  radar  range  e(|Uation. 

The  "Jp,"  line  pnnides  a means  of  lietermining  clutter  and  signal  levels  relative 
to  noise.  The  amount  by  which  an  RC’S  exceeds  the  line  gives  the  SNR  or  clutter- 

to-noise  (CNR)  directly.  For  exam|)le,  tlic  largest  separation  between  the  S4th  per- 
centile ground  clutter  line  and  the  ''‘’'jj"  line  is  seen  to  occur  at  minimum  r:inge.  1 he 
minimum  rimge  shown  corresponds  to  a l2»-gs  [>ulsed  radar.  At  this  range  of  19.  2 km 
the  CNR  is: 

(CNR)  5o.75dB,  due  to  H4th  [X'rcentile  ground  clutter  at  (3-7) 

minimum  r:mge 

(2)  Crazing  Angle  and  Off-Borcsight  Attenuation  Effects 

Crounci  clutter  return  is  affected  by  the  grazing  angle,  T The  return  from  the 
illuminated  segment,  "AA"  u1ll  be  decreased  in  proportion  to  the  projection  of  "AA" 
in  the  direction  of  the  radar.  This  term,  designated  as  in  Fcjuation  (3-4)  is  given 
as: 


G sin  vF  (3“b) 

ft 

where  >F  is  a function  of  radar  height,  h,  and  riuige,  R.  The  equation  for  sin  vF  is: 


sin  + 


(R  1 h)^  - R^  - R^ 
' e e 

2R  R 

e 


lij;  - R^ 
h 

2R  R 


(3-9) 


where  R^  is  the  range  to  the  horizon  as  given  by  Fquation  (3-5)  and  R^  is  the  effective 
earth  radius. 

The  "sin  i.s  [jlotted  in  F'igure  3-21  as  a function  of  radar  range,  R,  for  radar 
heights  of  2000  and  4500  ft.  Note  that  attenuation  of  10  to  30  dB  can  be  ex|iected  from 
this  grazing  angle  effect  on  ground  [ilane  clutter  return. 

The  second  attenuation  factor  affecting  the  clutter  return  is  the  [iroduct  of  the 
radar  transmit  :ind  receive  gains  in  the  direction  of  the  clutter  segment.  This  gain 
is  de[xjndent  on  the  deiiression  angle,  6,,  and  is  given  as: 
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(3-10) 
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Figure  3-21.  Clutter  Attenuiition  Factors 


where  is  the  elevation  iinglc  from  the  radar  to  the  horizon,  given  by: 


f: 


h 


sin 


-1 


U 

e 

IV  • 


and 


88.‘.)7  ; for  h 4500  ft 
8!).  31°;  for  h 2000  ft 


fi 


. -1 
sin 


sin(4'  • 7t/2) 
R Hi 

c 


. -1 
sin 


1<^_  cos  4' 

nr 

e 
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(3-12) 


The  gain  of  the  radar  is  determined  assuming  the  beam  shape  shown  in  Figure 
Ih.it  is,  a — pattern  with  a [leak  to  null  width  ol  15°  is  assumed  up  to  an 
elevation  angle  of  after  which  the  gain  falls  off  in  esc”.  For  a worst  case 

ground  clutter  condition,  it  is  assumed  that  the  radar  beam  is  dejiressed  so  that  the 
maximum  gain  angle,  is  placed  5°  .above  the  horizon.  With  this  assumption, 

the  product  of  tr.ansmit  and  receive  gain  in  the  direction  of  the  ground  clutter  relative 
to  (leak  g.ain  is; 


where 


(3-13) 


X 5°  * 6 (deg I 
1 5 

A plot  of  C.J  • G'j,  is  shown  in  Figure  3-21.  From  3 to  10  dB  of  clutter  attenua- 
tion is  seen  to  accrue  from  this  factor. 

(3)  Weather  Clutter 

Weather  clutter  arises  from  the  reflection  of  radar  energy  from  rain  dro[)lets. 
These  droplets  tend  to  move  horizontally  with  the  local  winds  causing  a Doppler  effect. 
Because  the  winds  vary  with  .altitude,  a radar  beam  may  cncom|)ass  low  velocity  di'op- 
lets  at  the  low  end  of  the  beam  and  high  velocity  droplets  at  the  other  end.  A resulting 
Dojjpler  S))read  and  me:m  Do|)pler  sliift  will  occur  from  the  accumulation  of  clutter 
over  the  entire  txj.am. 

A com))uU'r  progran\  was  written  to  determine  the  clutter  contained  in  a radar 
resolution  cell,  1 he  radar  cell  is  an  elliptical  beam  in  az.imuth  and  elevation,  which 
has  a major  axis  of  1,5°  in  azimuth,  corresiumding  to  the  two-way  radar  beamwidth 
and  70"  in  elevation.  The  elevjition  direction  is  weighted  .'iccording  to  tlie  pattern  given 


in  Figure  3-122.  The  radar  cell  width  in  ran^e  was  taken  as  (iOh  m,  eorrespondinf^  to 
a radar  bandwidth  of  230  kllx.  The  computer  program  uas  run  for  various  elevation 
(K)inting  angles,  given  by  the  elevation  angle  of  K _ , where  K , as  shovsai  in  Figure' 
3-22  is  the  angle  at  which  ma.\imum  gain  is  achieved.  Clutter  is  assumed  to  be  uni- 
form in  density  from  sea  level  to  30-kft  altitude,  and  have  a reflectivity  of  l.T)  x Hr'* 
nr/ni  which  corresponds  to  a rieinfall  rate-  of  13  mm/h.'  Winds  are  assunied 
to  vary  uniformly  from  0 to  80  knots  over  this  30-kft  altitude  Ijruid,  ;uid  are  directed 
horizontally.  The  radar  azimuth  is  assumed  to  be  ()ointing  into  the  wind  to  give 
worst-case  Do[)pler  conditions. 


2 

Figtire  3-22.  Ideal  esc  Hadar  Flevation  Pattern 


*Radar  Ecjuations  for  Jamming  and  Clutter,  IJ.  K.  Barton,  IFKK  Transaction  on  Aero- 
space and  Flcctronlc  Systems,  Vol.  AKS-3,  No.  (5,  November  liMiT. 
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1 • Tho  resull.s  ul  this  aiiahsis  |>r«>vi(k'  clutti  r K(’S,  (.-I'lULr  mean  velocity  and 

I clutter  velocitv  spread  as  a function  of  ran};e.  These  lhi'('e  results  are  given  in 

Tigures  3-23  through  3-2o  lor  a radar  at  sea  level  and  I'igures  3-26  through  3-2s 
for  a radar  at  4,j0i)-ft  altitude.  For  each  set  of  results,  the  radar  elevation  pointing 

I 

angle  is  given  as  a parameter. 

Figures  3-23  through  3-26  show  the  amoimt  ol  clutter  increases  with  range  as  is 
‘ expecU'd  since  the  azimuth  and  elevation  cells  each  incivase  directly  with  range. 

^ Henvever,  beyond  a certain  point,  the  clutter  starts  falling  off  with  range.  This 

occurs  since  the  clutter  ceiling  (30  kft)  is  reached  by  the  radar  cell. 

I ■ I'igures  3-25  and  3-28  show  that  the  clutter  spread  is  less  than  lo  m/s  which 

might  suggest  that  a 10  m/s  velocity-matched  filter  could  remove  this  clutter.  'I'his, 
however,  is  not  true  since  the  mean  velocity  given  in  Figures  3-21  and  3-27  shows 
a variation  with  rimge  of  from  o to  40  m/s  rcfjuiring  tlie  notched  filter  to  either  vary 
adaptively  with  range  or  else  be  wide  enough  to  contain  both  the  mean  :md  the  spread 
of  the  clutter. 

I. 

'i  'Hie  clutter  HCS  given  in  Figure  3-26  for  the  worst  case  comlition;  i.e. , the 

[ 

lowest  elevation  |)ointing  angle  of  the  radar,  is  redrawn  on  Figure  3-20  so  that  the 
weather  clutter  can  be  convenitmtly  compared  to  the  ground  clutter. 

(4)  Sea  Clutter  1U2S 

S«>a  clutter  HCS  is  given  by  Fquation  (3-4)  which  was  used  to  define  ground 

■ - ’ clutter.  Again,  for  determining  worst  comiitions,  the  attenuation  factors  and  ti^. 

I I will  be  omitted;  i.e. , set  to  unity.  The  reflectivity  of  sea  clutter  is  a function  of  sea 

I state.  Heflectivity  for  sea  state  4 is  si)ecified  as  -5o  dl^  or  less  for  grazing  angles  of 

j 3°  or  less.  This  reflectivity  already  includes  the  [)reviouslv  (iescril)ed  grazing  ;uigle 

||  effect  U‘rm,  G^.  The  3 limit  covers  the  exi)ected  variation  of  grazing  angles  even 

1 for  the  worst  case  condition  of  a radar  at  4500  -ft  altitude  observing  sea  clutter  at 

I minimum  range. 

Since  the  sam.e  eejuation  governs  both  sea  and  ground  clutter,  the  sea  clutter 
^ follows  the  same  curve  as  the  median  ground  clutter  shown  in  Figure  3-20.  Sea 

clutter  is  shown  16  dlf  below  the  median  ground  clutti'r  because  of  its  reduced  retlec- 

■ 1 tivity.  The  sea  clutter  HCS  hapinmed  to  coincide,  within  1 dH,  with  the  already  drawm 

weather  clutter  curve  and  is,  therefore,  represented  by  a common  curve. 
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Fissure  .'{-23.  Wealhfr  Clutter  Hearn  Filled  Area*  (Zero  Uailar  Height^ 
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RADAR  RANGE  (Kn) 

Figure  3-25.  Clutter  Velocity  Spread  (Zero  Radar  Height) 


To  convert  to  clutter  ftC’S,  multipU  hv  ranKC  resolution  (m)  and  h\  the  weather  reflecti  vitv . 
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Figure  3-27.  Mean  Clutter  Velocity  (4500  Ft  Radar  Height) 


■ ' ■ \f 

I 


Figure  3-28.  Clutter  Velocity  Spread  (4500  R Radar  Height) 


(5)  Clutter  Spectrum 


Typical  velocity  profiles  for  weather  clutter  have  already  been  discussed  :uid 
presented  in  I'i^^ures  d-24,  .'1-2G,  3-27  and  3-28.  It  was  seen  that  the  weather  clutter 
had  both  a meiui  component  as  well  as  a spread  ;ind  both  were  a function  of  range. 
Ground  and  sea  clutter  on  the  other  hand  tend  not  to  have  any  significant  mean  velocity 
and  a much  lower  velocity  spread.  Typical  velocity  spread  are  given  for  ground  and 
sea  clutter  returns  as: 


a (ground)  0.3  m/s;  for  a 40-knot  wind  condition 

;md 

(sea)  o.fi  m/s;  for  sea  state  4 condition 

2.  SYSTEM  SYNTHESIS 

a,  SENSOR  SIZING 

The  ()eak  HE  [)ower  reriuired  of  the  tr;insmitter  is  given  by 
(4rr)^f^kT  L r'^  SNR 

P ^ 2 

p (T  T G.J,  Gj^ 


(3-14) 


(3-15) 


(3-16) 


The  SNR  (K!r  pulse  is  a factor  of  N/K  less  than  that  per  diversity  group,  i.e. , 

SNR  ^ SNR,,  (3-17) 

N K 

K no.  diversity  lailse  groups  (channels) 

N total  no.  |)ulses 

SNRj^=  SNR  per  diversity  group 


I'or  a fixed  total  number  of  pulses,  the  SNR  in  Equation  (3-17)  is  minimum 
around  4 £ K < 8 but  remains  nearly  constant  for  K = 4 to  16  diversity  channels. 


At  the  I. -band  radar  allocation  freciuency  1215-1400  MHz,  assuming  20-  to  50- 
MHz  frequency  span  is  reejuired  for  diversity  decorrelation,  there  is  room  for  4 to  9 
diversity  channels.  At  the  I'llF  radar  allocation  band  420-450  MHz,  there  is  room 
for  one  or  two  diversity  channels. 
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I’sin^  the  matrix-switclu'd  trimsniitter/receivcr  cimdidate  confiKuration  to  be  dis- 
cussed in  a subsequent  section,  and  illustrated  conceptually  l)elow  (Figure  3-29)  with 
estimated  losses,  the  system  noise  temperature  is  calculated  as  tollows: 


I 


KocoiVf  I.oss;  I,, 


1. 75  cm 


■'s. 


■'a  • '■'h 
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Figure  3-29,  Matrix-Switched  Transmitter/Receiver  Candidate  Concept 
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1 r;itismit  losses  estinuitoii  for  the  matrix  switched  candidate  transmitter  are 
1.7  dH.  Signal  processing  losses,  encountered  in  Doppler  |)rocessinfi  4 diversity  groups 
of  8 pulses  each,  total  1.H2  dH  for  the  "aliened  Doppler”  in  which  interpulsc  peri(Ki  is 
sta^itiered  to  just  compensate  the  fr«'()uency  diversity  sta^Ker. 

If  the  heant  were  scannini^  continuously  past  a tarf?et  in  azimuth,  a scannin^r  loss 
of  l.ti  dH  would  result  from  uniform  noncoherent  integration  of  pulses  modulated  by 
the  antenna  pattern.  However,  for  a stefiped-scanned  array,  the  beam  remains  fixed 
at  each  azimuth  position  for  the  duration  of  the  pulse  train  and  hence  the  beam  pattern 
does  not  iTuxlulate  the  pulse  amplitudes.  Nevertheless,  some  loss  accrues  from  the 
azimuth  heamshape  due  to  the  fact  that  the  target  may  be  positioned  at  random  within 
the  beam  position.  .A  pessimistic  estimate  of  this  loss  is  1 . (i  dH.  .A  miscellaneous 
loss  of  1 dH  is  taken  to  allow  for  the  radome  loss  and  field  degradation.  The  at- 
mospheric loss  at  0°  elevation  angle  and  .'10  nmi  at  I.-band  is  0.05  rlH.  .At  00  nmi,  it 
is  1.25  dH.  For  niF  it  is  0.5  dH  and  0.0  dH,  respectively. 

Table  3-5  is  a Hlake  Radar  Calculation  Work  Sheet  summarizing  designs  for 
a 3°  L-band  radar  taking  into  account  the  foregoing  factors.  The  peak  RF  power  re- 

9 

guired  to  get  00  nmi  on  a 10  m“  RCS  target  is  slightly  higher  than  that  required  for 

9 

30  nmi  on  a 1 m“  RCS  target  because  of  the  0.0-dIl  more  atmospheric  loss  at  the  long 
range.  The  long  range  priwer  recjuircd  is  912  V\'.  Note  that  this  calculation  is  based 
on  a one-out-of-four  detection  criterion.  Hecause  the  antenna  gains  var>'  inversely 
with  azimuth  beamwidths  and  the  number  of  pulses  varies  directly  with  bcamwidth,  the 
net  variation  of  peak  power  reijuired  with  l>eamw  kith  and  frequency  is  approximately; 


H 

P 


K SNRj.  Tj, 

4 SNR,  ■ 359° 
4 


*'atm 

1 . .i;} 


At  an  operating  frec|uency  of  1300  MHz,  the  peak  power  is 
7 

P = 912  I.-Hand 

p 3.0 


(3-18) 


(3-19) 


To  make  up  10-nmi  difference  in  multijiath  performance  requires  an  additional  7 dH  for 
the  FH  F system.  Taking  this  and  the  freciuency  difference  into  account,  the  recjuired 
peak  RF  power  at  FHF  is  still  less  than  at  I.-band  for  the  same  beamwidth. 


P = 
P 


050 


'AZ 
3,  0 


FHF 


(3-20/3-21) 


However,  the  size  and  cost  of  the  FHF  antenna  to  prinluce  a 3°  azimuth  beam  or  nar- 
rower, coupled  with  less  diversity  availability  and  the  need  for  separate  IFF  makes 
ITIF  a less  attractive  operating  frequency  choice  than  I.-band. 
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PUIiE-HADAH  RANGE-CALCULATION  WORK  SHEET* 
Based  on  Eq  (13) 


1.  Compute  'lie  system  Input  noise  temperature  T,,  following  the  uulUne  In  section  A Oelow, 

2.  Enter  raj.^e  factors  known  In  other  than  decibel  lorm  In  section  B below,  (or  reference 

3.  Enter  lonarlthmlc  and  decibel  values  la  section  C below,  positive  values  in  the  plus  column  and  ne((a- 
tlve  values  In  the  minus  column.  For  example,  11  i'  ,m  . as  inven  by  Figs.  4 through  9 is  negative, 
then  ‘'o,cB)  Is  [Kisltive  and  goes  In  tne  plus  column.  For  C^,  .s»e  Figs.  1 through  3.  For  definitions 
of  the  range  (actors,  see  Fq.  (13) 

_ . ‘ u r 


Radar  antenna  height:  s ^ 


A.  Computation  of  t,  ; 
t.  r,  . 7,  . I,  T, 

(a)  Compute  T, 

For  T,,  ” 290  and 

= 36  use  Eq.  (37a). 
Read  7,  from  FTg.  11. 


• ( <)R 


1.  (» 


1. 2(; 


T,  (0  876  T.  2S4  ) L.  , 790 

A 


T'  = 90 
a 


T. 


(b)  Compute^  T,  usin^  Eq.  (40). 
For  = 290  use  Table  1, 


t.,Bsr.J5j  7,  =;14.07  °K  I U 


(c)  Compute  7,  using  Eq.  (41) 
or  using  T^le  1. 


B.  Range 

Factors 

C.  Decibel  V'alues 

P!u.s  (.)  ^ 

Minus  (-)  I 

P 

f ( k » 

>1)2  kU 

to  ;o. 

-0  • 40 

. • j 

128 

* ' L..C 

21  • 07 

j 

c, 

2 5.. 5 5 

C,  „H 

25  ■ .55  ^ 

C, 

24.55  I 

24  • 55 

*'(  »q  te 

1 m^ 

!'•  Ina  • 

12  -04 

1.300 

-20  IcK  7mh.  ^ 

• 

(i2  ■ 2b 

r.  (K) 

358. 70” 

-io  log  r. 

. 

25  55 

• 

-1  (1 

r*D  , 

1 77/ 

4 -32 

1. 

-l.  dS, 

1 • 7 

^ P 

~ ^'P(  dD  ) 

1 r, 

l- isa  . 

1 ■ 

1 Ran^e -equation  constant 

(40  log  1 292) 

4.  CXitain  the  column  totals w 

l87  . 2(i 

94  .85 

5.  Enter  the  smaller  total  below  the  larger  >■ 

87  .26 

6.  Subtract  to  obtain  the  net  decibels  (dfl) — ► 

• 1 

Add.  ( 7. 


7.  In  Table  2 find  the  range  ratio  corresponding  to 
this  net  decibel  (dB)  value,  taking  its  sign  (i)  Into 
account.  Multiply  this  ratio  by  100.  This  is  e, — 

8.  Multiply  by  the  pattern-propagation  factor 


t)4 . fi  nmi 


7 = 


1 (see  Eqs.  (42)  through  (65)  and 
■I  Figs.  12  through  19): 


(i4.  ()  nmi 


9.  On  the  appropriate  cuiT'e  of  Figs.  21  and  22  determine  the  atmospheric-absorption 
IcNis  factor,  ta(dS),  corresponding  to  f.  This  Is  — 

10.  Find  the  range  (actor  *,  corresponding  to  from  the  formula 

S •ntiioj  40)  or  by  using  Table  2.  — - 


1.25  dR 


0.9:{ 


11.  Multiply  » by  a,.  This  Is  a first  approximation  ol  the  range  (f. 


— ► M)0.  ()M  nmi. 


12.  If  f , dUfers  appreciably  from  r',  on  the  appropriate  curve  of  Ftgs.  21  and  22,  find 

the  new  value  of  tm^S)  corresponding  to  This  Is  ^ 

13.  Find  the  range-increase  (actor  (Table  2)  corresponding  to  the  difference  between 

^a< as )(  I ) *7id  ^ This  Is  a , — ► 

14.  Multiply  t,  by  a,.  This  ts  the  radar  range  In  r.auUcai  miles,  r.  - ► 


Note:  If  the  dliference  between  Lg,  .,1, m j and  t la  l»ss  than  0,1  dB,  f,  may  be  taken  as  the  final 

range  value,  and  stepa  12  through  14  may  be  omitted.  If  Ly  in,,  < , Is  less  than  0.1  dB,  f may  be 
taken  as  the  final  ra^e  value,  and  steps  8 through  14  may  be  omitted.  (For  radar  frequencies  up 
to  10,000  megahertz,  correction  of  the  atmospnerlc  attenuation  beyond  the  value  would 

amount  to  leas  than  (l.l  dB.) 

♦ :r  SYST  p^^=()..5.j  I’p  0.25,\10“*’ 

32  PULSES  4-s  FRAME  FOR  3()0° 

(8  COHERENT,  4 DIVERSITY) 
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p«nvT.  K rvvi 


i'ijjuiv  and  3-33  .show  thi-  approxim.-ilc  variation  in  |ieaK,  avcrat^c, 

and  prinu'  powers  re(|iiired  of  the  tyiK'  A radar  with  fii'amwidth  and  freipiency  at  a 
fixed  -4-s  frame  time. 


n.viiic, 


Fipiire  3-30.  HI-'  JVjwor  Variation  With  I-'reiiucncy 

These  represent  the  prime  power  required  of  the  final  HI-'  iwwer  amplifier, 
and  must  he  eomhined  with  the  prime  pow-er  required  of  the  other  antenna  and  HF  eom- 
|:x)nent.s  to  get  the  total  shown  in  the  first  row  of  Table  3-4. 
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Finure  3-31.  L’HF  HF  Power  X'ariaticm  With  Peamwicltli 

The  ran^e  of  total  system  prime  power  spjms  roughly  400  \\  to  1000  w over  all 
vial)le  design  candidates.  The  primary  design  approaches  include  the  matrLx-steered 
array  combined  with  an  in-h;ind  digital  signal  processor.  The  alternates  which  are 
attractive  from  a low  prime  (lower  sttmdpoint  include  re|ilacing  the  Butler  matrix 
column  feed  with  a simple  horn  radiator  . (This  sacrifices  the  growth  to  3-D  o|)era- 
tion);  considering  a low-inertia  org;tn-pi[)e  scanner  rather  than  the  electronically- 
steered  matrix  approach;  and  using  a Charge-Cou[iled  Device  (CCD)  Signed  Processor 
rather  than  the  Com(ilementary  Meted  Oxide  Semiconductor  (CMOS)  Digital  Processor. 
The  total  prime  power  is  summarized  in  Table  3-4.  These  estimates  result  from 
analysis  of  the  conversion  efficiencies  of  each  transmitter  design  option. 


H ..1>| 


Figure  3-32.  L-Bancl  HF  Power  Variation  With  Beamwidth 


TABLE  3-4.  PRIME  WWER  REQUIREMENTS  SUMMARY 


Lowest  (1.5°) 

Highest  (3. 0° ) 

Preferred*  (3.  0° ) 

Antenna  and  RF 

180 

1100 

740 

Receiver  and 
Exciter /Waveform 
Generator 

30 

30 

30 

Signal  Processor 

25 

130 

25 

Data  Processor 

180 

180 

180 

415  W 

1440  VV 

975  W 

♦Simple  Radiator  and  CCI)  Signal  Processor 
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\VA\  Fl'OHM  AND  SK’.NAL  PHOC’KSSING  SIZING 


( 1 ) Wavetorin  IX-si^n 

The  primary  refjuirements  of  the  radar  ai'o  that  it  shall  deti'et  a l(i  m target 
at  no  nmi,  o'r  ct)rres|Kjndiagly  a 1 m^  target  at  30  nmi  with  a probability  of  0.05 
within  4 scans.  A design  configuration  has  been  fievelo|x.'d  to  achi<fve  this  goal  with 
minimum  radar  power  while  operating  in  an  environment  of  ground,  sea  and  weather 
clutter. 

The  radar  will  be  step-scanned  from  one-azimuth  beam  position  to  the  next.  In 
each  azimuth  dwell,  32  pulses  will  be  transmitted  and  processed  in  four  groups  of  8 
coherent  pulses  each.  Kach  group  will  be  offset  in  freriuenci'  by  50  MHz  to  provide 
indeirendent  observ  itions  of  the  Swerling  I target  UCS.  This  lret|uency  diversity 
ch;mges  the  target  to  a Swerling  II  and.  thereby,  im[)roves  the  probability  of  detec- 
tion by  a considerable  amount  over  a completelj’  coherent  combination  of  the  32  pulses. 
The  four  diversity  channels  roughly  minimize  the  recfuired  signal-to-interfcrcnce 
ratio  (SLU);  more  channels  would  inci'case  the  noncoherent  integration  loss  so  that  it 
exceeds  the  gain  achieved  from  indei)endent  looks  at  the  target. 

i'he  selected  waveform  is  shown  in  Figure  3-33.  Kach  pulse  is  LKM  (Linear 
Frequency  Mcxlulated)  with  a 250-kllz  bandwidth  and  a 12M-ps  duration.  Lour  gs 
(0.32  nmi)  range  resolution  is  achieved  w'ith  this  bandwiilth  waveform  which  exceeds 
the  0.  5-nmi  resolution  S|)ecified.  A minimum  pulse  separation  of  0.  8Gf-  ms  provides 
.an  unambiguous  range  of  fiO  nmi  with  .a  128-gs  transmit  (julse  time, 

Kifty-.MlIz  frequency  separation  between  the  diversity  channels  shown  in  Figure 
3-33  provides  inde|)endent  sami)les  from  a target  composed  of  reflecting  highlights 
spaced  3 m or  more  apart.  Tactical  aircraft  typically  have  such  spacing  between 
highlights. 

(2)  Aligned  Doppler  Processing  System 

Kach  group  of  8 pulses  wall  be  coherently  processed  by  ;ui  8-pulse  parallel  Fast 
Fourier  Transform  (KFT)  Dojipler  processor.  Light  Doppler  filter  outputs  are 
obtained  from  this  processor  for  every  eight  in|Hit  samples,  obtained  Irom  each  of 
the  eight  transmissions  .at  a common  range  cell.  Do|)pler  processed  outputs  are  saved 
,'ind  noncoherenlly  cornbineil  over  tlu'  judse  groui>.s  foi-  each  separate  range  and 
Doppler  cell. 
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Figui’e  3-33.  Candidate  Waveform 


Chan^in^  csirvii-r  lre()uency  alter  each  ci>i,ht  pulse  transmission  would  normally 
cause  a shift  in  target  and  clutter  Doppler  freciuencv.  This  shift  makes  it  difficult  to 
efficiently  combine  diffc'rent  diversity  channel  outputs.  The  Doppler  shift  can  be 
effectively  removed  by  adjustinfi;  the  Tulse  Repetition  Period  (PRP),  in  each  group 
to  just  compensate  for  the  carrier  change.  By  keeping 

f.  T.  rON'STAN'T  (3-22) 

11  ' 

where 

f.  Carrier  frecjiiency  ot  i*"^  diversity  channel  tnmsmission 

T-  Time  between  pulse  transmissions  of  i*"^  diversity  channel 
transmission 

over  the  four  diversity  channel  transmissions,  targets  ;md  clutter  wall  remain  in  the 
same  Dopiilcr  channel.  Choosing  frequency  and  pulse  {period  according  to  Equation 
(3-22)  (irovides  what  will  be  referred  to  herein  as  the  aligned  Doiijiler  system. 

Noncoherent  integration  can  be  carried  out  between  frequency  diversity  trans- 
nussions  in  the  aligned  Doppler  system  because  targets  remain  in  the  same  Doppler 
channel  or  filter.  A typical  set  of  fre()uency  and  pulse  periods  is  given  in  Table  3-5. 

TAIU.E  3-5.  TYPICAL  FREQUENCY  AND  PULSE  PERIOD  FOR 
4-DIVERSITY  CHANNEL,  ALIGNED  DOPPLER 
SYSTEM 

Frequency  ITilse  Period 

Diversity  Channel  (GHz)  (ms) 


1 

1.  25 

0.972 

2 

1.30 

0.935 

3 

1.35 

0.900 

4 

1.40 

0.  868 

(3)  Doppler  Re3tK>n.se/Do|)[)ler  Weighting 

Doppler  [irocessing  of  envelo()e-i-ecurrent  burst  wavefonns  produce  ambiguous 
resjionses  in  Doppler.  Figure  3-34  shows  the  mainlobe  responses  of  the  eight  Doppler 
filters  for  a pulse  perimi  of  0.868  ms  which  corresponds  to  the  fourth  diversity 
ch;mnel  in  Table  3-5.  Filter  No,  1,  for  exam()le,  resixmds  to  Dopi)ler  signals 
centered  at  145  Hz  as  well  as  those  frecjuencies  offset  from  145  Hz  by  integer 
multiples  of  1,  15  kHz,  which  is  the  reci|)rocal  of  the  pulse  period.  While  the  other 
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(iivorsit>  channels  ha\e  slightly  ciitl'erent  Doppler  scales  for  their  respective  Doppler 
filters,  they  all  share  the  common  velocity  scale  shown  in  Figure  ;j-34,  when  Kfiuation 
(3-22)  is  satisfied.  Also  shown  in  Figure  3-34  is  the  25  m/s  range  over  which  the 
average  velocity  of  the  weather  clutter  will  vary  ;uid  the  10.5  m/s  velocity  spread  of 
this  clutter,  flutter  characteristics  were  used  corres))onding  to  w'orst  case  condi- 
tions, which  is  seen  from  Figure  3-2G  as  being  :m  E , , (elevation  angle  at  w'hich 

nijix 

radar  gain  mteximuiu)  of  5°  with  a radar  height  of  4500  ft.  Comparing  the  clutter 
velocity  characteristics  to  the  filter  responses  in  Figure  3-34  shows  that  the  clutter 
center  (position  (in  velocity)  can  vary  over  three  filter  widths  and  because  of  its 
spread  will  be*  contained  in  two  filters. 


nr.i’.Mii 


4 . dmim’i.kh  I ii.n  n.'^  ii.“r,sms  pri.sK  si>\ci\c, 
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Figure  3-34.  8-Ihilse  Doppler  Processor  Res{)onse 
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Figure  3-:in  siiows  a sketch  ol  an  ex[):uision  ol  the  response  of  one  of  the 
Doppler  filters.  'I'his  filter  would  have  a first  sidelobe  level  of  -13  dli  if  no  weighting 
were  employed.  Sidelobes  in  Doppler  can  be  very  subst;mti;illy  reduced  by  a simple 
weighting  of  adjacent  filters.  Using  the  algorithm: 


V! 

1 


1 X-  1 

-7t\.  — \ . , 

2 1-1  1 2 1+1 


(3-23) 


where 

\ ! Weighted  outiiut  of  i''"  Doppler  filter 

V.  Unweighted  output  of  i*^^  Doppler  filter 

th 

V.  j Unweighted  output  of  (i  - 1)'"  ‘ Doppler  filter  (where  "i  - 1"  is 
evaluated  modulo  8) 

V.  ^ Unweighted  out[)ut  of  (i  + 1)^^  Doppler  filter  (where  "i  • 1"  is 
evaluated  modulo  8) 


produces  a response  as  sketched  in  Figure  3-35.  The  negative  signs  in  Equation 
(3-23)  correct  for  the  fact  that  there  is  approximately  a 180°  phase  change  in  the 
response  from  adjacent  filters  to  a sinusoidal  input  (more  precisely  the  phase  change 
is  157.5°).  * 


A further  expansion  of  the  Doppler  responses  is  given  in  Figure  3-36.  Here  the 
weighted  and  unweighted  filter  response  in  the  vicinity  of  a null  are  [ircsented.  As  a 
point  of  reference,  a single  loop  MTI  canceller  has  a response  which  is  virtually 
identical  to  that  of  the  unweighted  filter.  It  is  seen  from  Figures  3-35  :ind  3-36  that 
weighting  the  filter  reduced  its  sidelobes  by  some  15  dB  or  more  and  furthermore 
improved  the  rejection  in  the  null  region  by  some  10  dB.  It  will  be  showm  that  this 
latter  effect  greatly  improves  the  radar  rejection  of  ground  clutter  and  reduces  its 
sensitivity  to  Stabilized  Local  Oscillator  (STALO)  and  Coherence  Oscillator  (COHO) 
oscillator  instaliilities. 


♦The  z.ero-velocity  filter  output  of  a jiarallel  FFT  doppler  processor  is 
^jr  f F(N  1)  _ where  f is  frequency,  T is  pulse  period  and  N is  the  order 

of  the  FFT.  'Die  frequency  shift  between  adjacent  filter  is  , which  gives  a phase 

difference  in  this  equation  between  adjacent  filters  of  ^ rad  or  157.5°  for 

N - 8. 
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Fij^urt'  3-36.  Doppler  Filter  Response  in  Null  Region  (of  Second  Null) 

Locating  the  ground  clutter,  which  is  the  most  significant  source  of  interference, 
relative  to  the  Doppler  filter  response  is  necessary  in  determining  which  filters  would 
benefit  from  weighting.  Figure  3-34  shows  each  Doppler  filter  mainlobe  response. 

If  the  entire  response  were  drawm  it  would  be  seen  that  every  filter  except  filter 
no.  I)  has  a null  at  zero  frecjuency,  which  is  the  location  at  which  ground  clutter 
exists.  'I'he  effect  of  weighting  any  filter,  as  shown  in  Figure  3-33,  is  to  greatly 
widen  the  extent  of  the  null  region  as  well  as  widen  the  mainlobe  so  that  the  first 
null  is  eliminated.  However,  all  remaining  nulls  of  tlie  weighted  response  correspond 
precisely  in  location  with  the  nulls  of  the  unweighted  pattern.  In  the  |)ro()osed  design, 
filters  2 through  6 will  be  weighted.  Kach  of  these  filters  will,  therefore,  have  a 
much  higher  rejection  of  clutter  at  zero  frequency;  i.e.,  ground  and  sea  clutter. 

Also,  these  filters  will  have  low  sidelobes  which  improves  their  rejection  of  weather 
clutter.  It  would  be  counter-productive  to  weight  filters  1 and  7 since  they  already 
have  a null  at  zero  frequency  which,  while  not  too  wide,  would  be  removed  entirely 
by  weighting.  Furthermore,  weather  clutter  because  it  is  at  low  IXjppler  fretgiencies, 
will  apfHjar  in  the  mainlobe  of  flltt'rs  1 or  7,  so  that  reducing  the  sidelobes  of  these 
filters  will  have  little  effect  on  weather  clutter  rejection.  Weighting  filter  zero  pro- 
vides no  irniiiovement  to  either  ground  or  weather  clutter. 
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'I'ht'  improved  clutter  [)i‘rfo nuance  of  tlie  weittliteil  filters  is  bought  at  the  i'N- 
|K'nse  of  di-graded  performance  in  a noise-only  environment.  The  proposed  weighting 
causes  a l.7(i-dH  loss  in  SNlt  over  a matched  filter.  However,  on  the  positive  side, 
the  resulting  response  is  Hatter  over  the  mainlobe.  The  loss  incurred  by  Doppler 
straildling,  that  is  the  loss  Ijccause  a target  Doppler  may  not  correspond  exactly  to 
the  peak  response  of  the  filter,  is  reduced  from  1.  1 dB  for  the  unweighted  filter  to 
only  0.5  dH  for  the  weighted  filter. 

(•1 ) Signal -To- Interference  Ratio 

Ilie  proposed  radar  will,  on  each  azimuth  dwell  position,  process  pulses  by 
coherently  integrating  groups  of  8 pulses  in  a Doppler  processor  and  noncoherently 
integrating  over  the  4 freciuency  diversity  channels.  .SNK  developed  over  this  single 
dwell,  (at  maximum  range,  assuming  an  SNR  per  pulse  of  1.5  dB  as  shown  in  Figure 
3-20)  is  given  in  Table  3-(>. 

l ABLE  3-6.  SNR  I’FR  DWELL  AT  MAXIMI  M RANGE 


SNR  ])er  [)ulse  at  miuximum  range  (see  Eigure  3-20)  1.5  dB 

Coherent  integration  gain  (8  pulses)  9.0  dB 

Noncoherent  Integration  gain  (4  samples  summed,  5.0  dB 

loss  relative  to  coherent  summation  is  1 dB) 

Diversity  g:iin  (improvement  in  Swerling  Case  2 4.5  dB 

target  detection  by  obt:dning  4 independent  samples 

of  the  target  RCS  through  frequency  diversity)  

SNR  Total  Per  32-I’ulse  Dwell  (at  maximum  range)  20.0  dB 


(Corres[X)nding  I'robability  of  Detection  Per  Sc:m  For  Swerling  Case  1 Target  for  a 
Pfa  of  2.5  .x  10  ^ (see  pages  3-54B  and  3-55)  0.86) 

Ground  clutter  causes  the  most  severe  form  of  interference  to  the  proposed 
radar.  Figure  3-20  shows  the  84th  percentile  ground  clutter  reaches  its  highest  level 
of  35.4  dB  above  a 1 m^  target  at  the  maximum  range  of  30  nnii.  This  -35.4  dB  SCR 
Clutter  ratio  (SCR),  will  be  greatly  imiiroved  by  the  coherent  Doppler  filtering 
process,  A ground  clutter  velocity  spread  (one  standard  deviation)  of; 

a = 0.3  m/s*  (3-24) 


♦Radar  Equations  for  Jamming  and  Clutter.  D.  K.  Barton,  IEEE  Triuisaction  on  .Aero- 
space and  Electronic  Systems,  Vol.  AES-3,  No.  5,  November  1967. 
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;uid  a radar  oscillator  stability  ol  2 parts  in  10'^  over  the  8-pulse  transmission  will 
be  assumed.  'Ihis  (^ives  a I'csulting  volocit>'  spread  of: 


V (total) 


V"v 


(Afx\/2r  0.42  m/s 


(3-2fj) 


where 


Af 

Af 


I'reciuency  variation  due  to  oscillator  instability 
-h 

f X 2 X 10 


f 

A 

c 

Af  X A/2 


Af  X A/2 


Radar  carrier  frequency 

Wavelength  j 

Speed  of  light  3 x 10^  m/s 

Apparent  velocity  variation  of  a target  due  to  oscillator 
instability 

f X 2 X x X Y 0.3  m/s 


Figure  3-36  shows  that  the  weighted  dopplci'  filter  provides  a rejection,  to 
clutU'r  having  a spread  of  0.42  m/s  about  the  null  of  the  filter,  of  47.5  dB.  The 
unweighted  filter  provides  37-dB  rejection.  + 


Tal)le  3-7  gives  the  signal-to-ground  clutter,  S/C^,  per  dwell  for  the  outputs 
of  :my  of  the  weighted  Doppler  filters  using  84th  [jercentile  clutter.  F.v;iluation  is 
made  at  m;iximum  range  where  the  S/C  . ratio  is  iworost.  The  resulting  S/C'^  of 
21.6  dB  can  also  be  taken  as  the  signal-to-mediim-ground-clutter  ratio  out  of  the 
unweighted  filters  (nos.  1 and  7).  This  occurs  because  the  10-dB  poorer  rejection 
is  offset  by  the  10-dB  lower  level  of  the  median  clutter  to  84th  percentile  clutter. 


♦It  is  not  obvious  that  Figure  3-36  can  be  used  to  obtain  clutter  rejection  of  a filter 
by  entering  the  curve  with  clutter  velocity  spread.  A verification  cim  be  simply 
made  since  the  unweighted  response  correspontis  almost  precisely  to  ;m  unweighted 
single  canceller  M i l.  1 he  single  MTI  c;mceller  has  a rejection  of  37  dB  (Radar 
Design  l*rinciples,  F.  F.  Nathanson,  1969,  McGraw-Hill,  Figure  9-10)  for  the  fol- 
lowing conditions  corresjxmding  to  the  proposed  radar: 

(Ty  0.42  m/s,  0.21  m and  f^  (0,862  x 10  ^ 

This  37-dB  rejection  agrees  exactly  with  that  obtained  from  Figure  3-36  as  stated 
above. 
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TAIU.K  3-1. 


SIC.NAL-TO-MTH-PKUC'KNTlLK-C.HCn  XD-CI.rTTKH  PKH 
1)\\  1.1. L AT  MAXIMUM  1{AN’GK 


S/C'^  piT  ))uls('  at  nuLxiinum  (sec  KiKUif  3-20) 

\Vei);hte(l  l)oi)|)ler  filter  chitter  rejection  relative  to 

sienal  (for  o , , 0.3  m/s  and  2 ijurts  in 

^ votround) 

lo‘"*  radar  oscillator  stability) 


.Noncoherent  intc)tration  ^ain  (4  samples  summed,  loss 
rclati\’c  to  coherent  summation  is  1 dH) 


Diversity  gain'dmprovemcnt  in  Swcrhnt’  case  2 tar^^et 
detection  by  obtaininj;  4 indei)endent  samples  of  the 
target  Ht'S  throu);h  fre<iuency  diversity 

S/C'j,  Total  Per  32- Pulse  Dwell  (at  nutximum  rany;e) 


-33.4  dH 
•47.  .3  dH 

•a.  0 dH 


*4 . a ilH 


-•21.6  (IH 


Sea  clutter  levels,  C are  16  clH  below  median  ground  clutter  (see  Fisui'e  3-20). 
The  velocity  spread  of  the  sea  clutter  is  0.6  m/s  for  sea-state  4 makin);  the  rejection 
of  sea  clutter  somewhat  more  difficult  than  the  ground  return.  Combining  this  velocity 
spread  with  the  effect  ol  radar  instabilities  (c(|Uivalent  to  0.3  m/s)  gives  an  effective 
spread  of  0.67  m/s.  The  rejection  of  tliis  clutter  is  obtained  from  Figaire  3-36  as 
44  dH  for  the  weighted  filler  and  33  dH  for  the  unweighted.  Computing  S/C  in  the 
same  manner  as  was  calculated  in  Table  3-7  gives  at  maximum  range: 

44.  1 dH  out  of  weighted  filters  2 through  6 

S/C 

s 33.  1 dH  out  of  unweighted  filteis  1 ;md  7 

Weather  clutter  differs  from  ground  imd  sea  clutter  in  that  it  has  a significant 

me:ui  velocity.  Weather  clutter  varies  over  the  velocity  range  sho./n  in  Figure  3-34. 

Intensity  ol  weather  clutter  can  be  some  10  dH  above  the  tai'get  levels  (see  Figure 

3-20),  Lf  this  level  of  clutter  aiii)cars  in  the  mainlobe  (in  fre()uency)  of  ;my  of  the 

Do))pler  filters  it  will  mask  the  1 ni  target.  For  those  filters  in  which  the  clutter  is 

in  a sidelobe  considerable  rejection  is  achieved.  The  weighted  Dojipler  filters  have 

peak  sidcTobes  32  dB  down  from  their  peak.  For  these  filters.  Table  3-8  shows  the 

resulting  signal  to  weather  clutter,  S/C  , to  be  31.5  dH. 

W’ 


‘Frequenc’v  changes  on  the  order  of  the  LFM  signal  bandwidth  (250  kll7.)  are  sufficient 
to  decorrelate  the  four  clutter  diversity  sami)les.  The  signal  plus  clutter  would  then 
integrate  in  the  same  wav  as  signal  plus  noise  providing  a noncoherent  integration 
gain.  I.jirger  frequency  separations  result  In  indefiendent  signal  samples  which,  for 
a fluctuating  targtT  in  noise,  i)rfxluee  a diversity  gain.  The  two  effects  in  combination 
account  for  the  net  4 sam|)le  gain  of  9.5  dH  in  detectability  of  a Swerling  2 target  in 
uncorrelaleci  clutt«!r  over  that  of  a Swerling  1 target  in  correlated  clutter. 


3-52 


TABI  K H-.''.  SICNAI.-  l'n-WKATllKH-ri  I'TTKH  IN  UOFl'LER  SIDEIXJBES  AT 


MAXIMIM  HANC.E 

[XT  piilst'  at  nKLXimum  range  -10.0  clB 

Weighted  Dopiiler  filter  rejection  in  skielobes  t.'52.0  dB 

Noncoherent  integration  gain  (-1  samples  summed,  loss  *5.0  dB 

relative  to  eohc'rent  summation  is  1 dB) 

Diversity  gain ‘(imtirovement  in  Swerling  case  2 target  +4.5  dB 

detection  by  obtaining  4 inde|jendent  samples  of  the 

target  Re’S  through  frequency  diversity)  

S/r^y  Total  Rer  32-imlse  Dwell  for  clutter  entering  31.5  dB 

through  weighted  Doppler  filter  sidelobes 

(5)  Single-Scan  Performance 


A computer  iirogram  was  written  to  derive  the  probability  of  detection  |)cr- 
formance  for  the  expected  clutU'r  conditions  and  radar  operation;  i.e.,  8-|)ulse 
Doppler  processor  and  4-diversity  channels  noncoherently  integrated.  All  of  the 
worst  cas«‘  clutter  conditions  previously  described  were  input  to  the  pi'ogram.  The 
program,  in  turn,  analyzes  performance  for  a system  which  was  approximately 
eijuivalent  to  the  recommended  radar.  'I'he  results,  presented  in  Eigure  3-3(>A,  shows 
the  jirobability  of  detection  of  a 1 m^  target  at  maximum  range  of  30  nmi  as  a function 
of  target  velocity.  It  is  seen  that  certain  velocity  zones  are  in  effect  blanked  out 
because  of  excessive  levels  of  either  weather  or  ground  clutter.  Filters  not  blanked 
by  clutter  are  lirnitetl  only  by  thermal  noise  and  achieve  a iirobability  of  detection  of 
about  0.  85  which  is  as  [iredicted  in  Table  3-7. 

The  aligned  Dojipler  aiiproach  has  the  advimtage  of  ix-rmitting  efficient  non- 
coherent integration  and  Constant  False  Alarm  Rate  (CFAR)  normalization  between 
diversity  channels.  This  comes  at  the  ex|iense  of  a velocity  response  which  is  com- 
(iletely  [leriodic  giving  rise  to  the  blind  s(ieeds;  i.e. , regions  of  very  low  probability 
of  detection.  A nonaligned  Dopjiler  apjiroach  obtained  by  using  frequency  diversity  in 
4 channels  imd  not  adjusting  the  PRF  to  comjiensate  for  Do|j|iler  shifts,  is  shown  for 
comparison  in  Figure  3-37.  ft  is  seen  that  this  approach  is  somewhat  of  a compromise 
in  that  the  very  good  and  very  |M)or  regions  of  the  aligned  iqiiiroach  have  been  spread 
out  into  what  might  be  referred  to  as  a mediocre  performance  level. 


’Frequency  changes  on  the  order  of  the  I.FM  signal  bandwidth  (250  kllz)  are  sufficient 
to  decorrelate  the  four  clutter  diversitv  samples.  Ihe  signal  plus  clutter  would  then 
Integrate  in  the  same  way  tts  signal  plus  noise  providing  a noncoherent  integration 
gain.  Barger  frequency  separations  result  in  independent  signal  samples  which,  for 
a fluctuating  target  in  noise,  (inxluce  a diversity  gain.  The  two  effects  in  combination 
account  for  the  net  4 sample  gain  of  9.5  dB  in  detectability  of  Swerling  2 target  in 
uncorrelated  cluUet  over  that  of  a Swerling  1 target  in  correlated  clutter. 


Single-Scan  Probability  of  I)«‘tcction  as  Fiim  tion  o<  Targi  f \ clocity,  Aligmai  I)o()|)ler  C hannels 
Both  Ground  and  Weather  C'lutter  Present 


I 


1 

i 

\ 


Haiiar  i'o\fi'a^;r  is  pi'o\  idcd  in  the  lilind  speeds  ot  I'imire  dy  channinn  the 

pulse  repetition  rale  between  each  scan  of  the  radar.  This  has  the  effect  of  changing* 
the  location  of  tlu‘  blind  regions  from  one  scan  to  the  no.\t.  .Since  the  blind  regions 
represent  about  half  of  th('  total  velocity,  the  radar  v\ill  in  -1  scans  cover  each  blind 
zone,  occaii  ring  at  high  velocity,  twice.  This  will  be  achieved  by  aiiprofiriate  selec- 
tion of  the  PHF  set  in  each  scan.  That  is,  scan-to-scan  PHF  selection  will  be  made 
to  fill  in  th<'  blanked  out  regions  of  coverage  for  high  speed  targets  so  that  high 
velocity  targets  will  lie  detectable  in  two  out  of  every  four  scans. 


A scan-to-scan  detection  policy  will  be  used  which  rc'f(uircs  simply  one  detec- 
tion in  every  four  scans.  That  is,  one-out-of-four  binary  detector  will  be  employed. 
Probability  of  talsi'  alarm,  P,..,  in  each  range-azimuth  cell  will  be  adjusted  to 

^ A*  A 

2.0  ,\  10  so  that  over  four  scans  the  resultant  probability  of  false  alarm  will  be 

10~^’.  The  one-out-of-four  detection  logic  reejuires  relatively  low  single  scan 

probability  of  detection,  P^^,  to  achieve  a 0.95  detection  probability  overall.  If 

each  scan  [jrovides  a P,,  of  0.  o.'f,  w ith  a P,..  of  2.5  x lo  \ the  result  after  4 scans 

will  be  a P,,  of  tt.95  and  a P . of  lo”'’.  More  to  the  point,  assume  that  in  4 scams 
1 * r A 

the  target  was  detectable  only  twice  because  the  target  was  at  a blind  Sf)ced  for  the 
other  two  scans.  The  resulting  Pj^  over  4 scans,  in  this  heavily  cluttered  case, 
would  be  0.7b. 


(G)  Scan-To-Scan  Detection  Policy 

'I'he  (irevious  paragraph  indicated  that  a one  scan  out  of  tour  scan  binary  detec- 
tion (lolicy  apiK-ars  to  offer  attractive  [lerformance  for  systems  with  blind  s()eeds, 
where  the  target  is  [Kissibly  only  detectable  on  two  sc;ms  out  of  the  four.  It  will  be 
shown  here  that  a one-out-oi-tour  binary  detector  is  a simple,  near-otimum  approach 
for  Swerling  11  targets  in  addition  to  its  detection  advantage  in  heavy  clutter  ;md 
aligned  Doppler  processing.  A Swerling  11  is  assumed  since  between  scans  there  is 
adeijuate  time  to  decorrelate  the  HCS  and  provide  independent  target  observations 
from  what  was  originally  a Swerling  1 target. 
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l’hi‘  relationship  between  sin^le-sean  probability  ol  deteetion,  1'  , and  lour 

1 

scan  probabilitv  ot  detection,  l>  , is  t>iven  by  the  followiiif^  e(|Uations  for  the  varifius 

•1 

secomi  thresholds,  M; 

• For  tour-out-of-tour  binary  detector,  (M  4) 

• For  thrce-out-of-four  binary  detector,  (M  3) 

•1 


(3-30 1 


1> 


I). 


IF 


3 


1 - i> 


1). 
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'4  \ "Ij  " ^"1  \ 1 

For  two-out-ot-four  binary  detector,  (M  2) 


1> 


U 


3 


1-  1> 


D 


1 - P 


1) 


For  onc-out-of-four  binai'y  lietector,  (M  1) 

,4 


D, 


1 


1 - P 


D 


(3-28) 


(3-2‘J) 


'4  \ 

where  c!  combination  of  i thiit(ts  taken  j at  a time  jt  jyr 

■fhe  probability  of  false  alai’m,  I’p^.  single  look  is  related  to  the  resulting 

{irobaliility  of  false  alarm  by  the  same  set  ot  ecjuations  as  above,  for  an  overall 
of  10*^',  the  P,.,  [ler  look  is: 

FAi 


3.  2 

1"  ", 

for  M 

4 

d . 3 

for  M 

3 

4 . 1 X 

lor  ,M 

2 

2.  r,  X 

10-^ 

for  ,\1 

1 
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A plot  of  single-scan  probability  of  detection  as  a function  ol  SNH  is  given  in 

Figure  ,3-37  A for  each  of  the  above  values  of  P,.»  assuming  a Swerling  1 target. 

1 

3'hat  is,  the  target  cross  section  is  taken  as  an  e.xponential  probability  densiU  func- 
tion. Single-scan  detectifin  is  based  on  the  recommended  (irocess  ol  8-i)ulse  coherent 
integration  followed  by  a 4 (statistically  indeiKMident)  samiile  noncoherent  integration. 
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Figure  ;i-37A.  Single-Scan  Detection  ProbabiliU 

The  probability  oi  detection  over  four  scans,  I’  , is  computed  as  a function 
SNK  lor  each  detection  policy  by  substituting  the  single-sciui  probability  of  detectioi 
results  int(j  the  appropriate  K()uation  (3-26)  through  (3-29),  These  results,  for  fou 
scan  probability  of  detection  are  presented  in  Figure  3-38. 

The  results  of  this  analysis  show  that  a one-out-of-four  binary  detection  polic 
require  ;ui  SNlt  to  achieve  a given  P that  is  within  n.  5 dB  of  the  three-out-of-fou: 

scheme.  '1  he  resulting  lalse  alartn  i’ep<jrts  on  each  scan,  however,  are  far  fewer  i 
the  one-out-of-four  policy  as  sh  Avn  by  lv|uation  (3-30),  thus  reducing  the  data 
processing  load. 
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Figure  .S-Mh  indicates  a o.  t)5  probability'  of  fictection  can  be  achieved  w ith  an 

__  ^ 

SNR  of  -l.ti  dU  per  pulse  vising  the  one-oul-of-four  rule  and  an  overall 

This  value  corresponds  to  the  probability  of  false  track  initiation  due  to  noise  of  10  *’ 

for  the  one-out-of-four  policy  shown  in  Figure  .‘3-38. 

c.  ECM  RESKtNSE 

The  unattended  radar  design  goals  included  that  of  ECM  warning.  The  principal 
means  by  which  this  is  iirovided  is  via  an  azimuth  strobe  indication.  This  is  gen- 
erated by  su|)erthresholding  of  the  range  normalize!'  ii.e.  , mean  level  threshold 
circuits).  Thus,  when  a jammer  in  the  mainlobe  causes  a substantial  increase  in  the 
background  estimate  derived  by  the  normalizer,  this  condition  is  tested  against  a 
jamming  threshold  (note  that  multiple  level  thresholding  can  be  employed  if  necessary) 
and  reported  if  it  exceeds  this  threshold.  To  prevent  false  jamming  strobes  from 
occurring  due  to  strong  returns  from  jammers  in  a sidelobe  (from  either  large  jam- 
mers, high  sidelobes,  or  both),  a mainlobe  indicator  technique  is  employed.  'I'hat  is, 
an  auxiliary  antenna  whose  gain  is  somew'hat  higher  than  that  of  the  sidelobes  is  used 
to  derive  an  estimate  of  the  jammer  power  which  is  conifiared  with  that  of  the  main 
channel  norn-alizcr  to  inhibit  "strobe"  indicators  from  sidelobe  jammers.  This  ful- 
fills the  goal  for  jammer  re[)orting.  Other  active  ECCM  techniques  have  been  in- 
cluded in  similar  designs  .anrl  are  strongly  recommended  by  General  Electric  in  certain 
tactical  environments.  However,  they  were  excluded  by  customer  direction  from 
this  study. 

Although  so[)histicated  ECCM  were  not  an  integral  part  of  this  design,  selected 
ECM  responses  are  an  inherent  ()art  of  the  baseline  design  approach.  These  include; 

• High  l)ut\-  -lamnMng  l)ete<’tion  and  Azimuth  Reporting 

• Rt'dundant  Channel  Available  as  Sidelobe  blanker 

• 1/Ow  l)ut\'  Asynchronous  -Jammers  Not  Inti'grated 

• Clutter  Map  Data  Processing  bogie  Removes  Fixed  Delay  Repeaters 

• Intra-scan  Diversitv^Inter-scan  .Agilitv  F’orces  -lanimer  to  S(iread 
or  Increase  Energv 

• Solid-state  bow  I’cak  I’ower  Presents  .More  Difficidt  Acquisition 
Problem  to  ARM  than  Tulx;  Radar 
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3. 


SENSOR  SUBSYSTEM 


a.  INTRODUCTION 

In  the  selection  of  candidate  RF  configurations  for  the  2-D  radar,  the  most 
urgent  requirements  are  tor  minimum  j)ower  consumption  and  reliability.  The  allowed 
prime  power  rules  out  the  traditional  rotating  2-D  antenna.  Rotating  parts,  if  used  at 
;ill,  must  require  ver>  low  drive  power,  and  must  have  highly  reliable  drive  mecha- 
nisms. The  antemia  must  ;iiso  have  very  low  RF  losses  to  minimize  transmitter 
pow'er.  Redundanc}’  is  required  to  acliiev'e  the  reliability  levels  required.  In  some 
cases,  redundancy  occurs  naturally  as  in  the  multiplexity  afforded  in  a phased  array; 
in  other  cases,  redundancy  has  to  be  provided. 

These  factors  were  considered  in  making  a preliminaiT  survey  of  antenna  tech- 
niques applicable  to  this  program.  Three  basic  approaches  are  described  below  w'hich 
are  considered  to  have  these  desirable  features;  two  are  electrically  scanned  arrays, 
and  one  is  a mechanically  scimned  array  using  a low  inertia  scan  technique. 


7 1 .0  -1  II  1 

I’KU  I’lq.SI-:  SNK  (ilH) 


Figure  3-38.  Binary  Detection  Over  Four  Scans 
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Four  physical  configurations  tor  three  basically  different  RF  designs  for  a 2-D 
unattended  radar  are  presented  in  f'igure  3-3!).  Reliable  unattended  perforin :mce  and 
low  power  consumption  are  prime  considerations  for  a 2-f)  system.  'I'he  configura- 
tions shown  are  representative  of  many  possible  equipment  imfdementations  which 
were  evaluated  in  detail.  These  system  illustrations  do  not  include  intersite  com- 
munication antennas  or  power  generation  equipment  but  are  presented  to  indicate 
genei'id  characteristics  of  candidates  considered. 

Figure  3-3!)(a)  is  a completely  inertialess  system  with  IHF  cylindrical  arrayand 
separate  circular  IFF  antenna.  The  openness  of  the  large  FHF  array  lends  itself  to 
direct  environmentrd  exjxisurc.  However,  radome  protection  may  be  required  for  the 
IFF  imtenna  as  shown  depending  on  site  location.  A small  arctic  shelter  beneath  the 
antenna  structure  houses  the  remaining  electronic  equiiiment.  This  offers  the  advan- 
tage of  low  cost  for  RF  power  but  rcf|uires  a separate  IFI'  antemia  and  high  construc- 
tion costs.  It  w'as  eliminated  from  consideration  for  these  reasons  ;md  the  perform- 
ance considerations  (e.  g,  multipath  performance,  lack  of  diversity,  etc.)  cited  above. 

Figure  3-3!)di)  shows  a [lossible configuration  of  an  I.-banii  cylindrical  array  with 
integral  IFF.  This  higher  frequency  antenna  is  more  prone  to  ice  buildup  ;md  is  more 
sensitive  to  wind  ;md  ice  loading  than  LTIF  systems,  and  therefore  radome  protection 
has  been  (irovided.  The  antenna/ radome  assembly  is  tower-mounted  to  compensate 
for  local  terrain  features  and  ground  effects.  iVn  arctic  shelter  is  showai  adjacent  to 
the  air-lock  hatchway  for  radar  electronics.  Several  variants  of  this  basic  approach 
were  designed  in  detail  as  discussed  below. 

A third  representative  2-D  configuration  is  shown  in  Figure  3-39(0.  This  system 
uses  a fi.xed  I. -band  rmtenna  in  a sLx-face  V-configuration.  Bilateral  feed  networks 
connect  to  radiating  dipoles  on  each  face.  Antenna  protection  is  provided  by  three 
tubular  air-supi>orted  radomes.  The  radomes  are  attached  to  the  central  air-lock 
structure  and  are  guyed  for  increased  stability.  A center  su|iport  tower  and  equiii- 
ment shelter  complete  the  radar  system.  This  approach  was  given  serious  considera- 
tion, and  is  an  attractive  approach  for  this  application.  However,  it  was  judged  to 
require  higher  prime  power  tluui  the  L-b;md  cylindrical  array. 

The  fourth  representative  physical  configuration  for  the  2-1)  radar  is  illustrated 

in  Figure  3-3!)(d).  'I'his  system  utilizes  a 3(i(i®  parabolic  torus  antenna.  This  unique 

•) 

concept  incorixirates  a dual  rotating  horn  assembly  to  illuminate  a csc“  shaped 
radome  wall  with  imbedded  polarizing  wires.  The  concept  is  basically  applicable 
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to  both  rilF  and  1 -band,  ('onsiiiorable  dovclopmcMit  rcnnains  to  be  done  on  this  con- 
cept. However,  it  ettectucly  combines  mechanical  rotation  with  fixed  reflector  and 
integral  radome  protection.  The  torus  is  tower-mounted,  and  an  equipment  shelter  is 
shown  underneath.  This  configuration  was  carried  through  the  detailed  design  phase 
due  to  its  potentially  low  prime  power  usage  and  low  cost.  This  configuration  is  not 
recommended  since  other  less  risky  low  power  cylindrical  array  configurations  are 
available. 


Figure  3-39.  Tvpc  A Candidate  Approaches 

The  above  options  were  analyzed  in  the  early  phase  of  the  design  and  emphasis 
was  directed  toward  the  several  variants  of  the  ring  (or  cylindrical)  array  with  inte- 
gral IFF.  This  was  due  to  its  attractive  low-power  high-reliability  features  combined 
with  the  flexibility  to  efficiently  managed  radar  resources  in  terms  of  search  frame 
time,  azimuth  coverage,  and  variable  data  rate  tracking.  In  addition,  a concept  was 
derived  foi  responsivt;  Selective  Identification  Feature  (SIF)/1FF  ojK'ration  wherein 
these  transmissions  are  only  generated  and  radiated  in  res[)onse  to  a verified  skin 
return  detection.  In  this  manner,  the  radar  and  SIF/IFF  functions  are  efficiently 
time-shared  resulting  in  substantial  prime  power  savings  by  allowing  integral 
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IFF  without  sacrificing  a large  fraction  of  the  time  line  to  the  SlF/IFF  function.  In 
addition,  the  ring  geometry  is  ideally  suited  for  generation  of  the  transmit  amplitude 
modulation  re()uired  for  Sidelobe  Suppression  (SLS)  operation.  The  general  charac- 
teristics of  the  ring  array  are  discussed  below. 

b.  PHYSICAL  DESCRIPTION 

Figure  3-40  shows  an  artist  concejit  of  the  baseline  cylindrical  I. -band  system. 
The  antenna  enclosure  and  arraj’  structure  are  cut  away  to  illustrate  the  basic 
configuration. 

A ring  of  vertical  steel  trusses  su[)port  a central  roof  structure  ;ind,  along  with 
connecting  structural  members,  provide  supjjort  for  the  128  stripline  RF  feed  boards. 

A half-torus  shaped  rigid  radome  cover  provides  weather  ()i'otection  for  the  array. 

The  radome  is  constructed  of  thin  fiberglass  reinforced  Teflon  p;mels  which  result  in 
negligible  RI  perturbation.  This  newly  developed  radome  panel  materi;il  has  a 2t)-year 
maintenance  free  life  and  provides  a high  degree  of  natural  anti-icing. 

Wall  panels  on  the  inside  of  the  ring  trusses  form  a maintenance  area  and  equip- 
ment room  for  remaining  radar  components.  One  rack  accommodates  the  solid-state 
transmitter  modules  and  two  cabinets  house  signal  processor  and  communication 
equipment.  A work  bench,  storage  cabinet  and  test  equipment  are  includcti  in  the 
room.  A total  energy  a[)()roach  utilizing  waste  power  generation  heat,  provides 
recjuired  environmental  control  within  the  radar  equipment  room. 

The  array  and  radar  equipment  enclosure  is  mounted  on  a 25-ft  high  tower.  At 
required  sites,  the  tower  may  be  increased  in  height  by  adding  modular  2a-ft  sections. 
Thi'ee  8-  x 20-ft  shelters  are  shown  under  and  along  side  the  radar  tower.  The  power 
generation  shelter  is  shown  underneath  whei'o  it  provides  a convenient  interface  with 
the  radar  for  power  and  environmental  air  or  water.  A living  <iuarters  shelter  pro- 
vides accommodations  for  periodic  visits  by  mainten;mce  personnel.  The  third 
shelter  houses  power  and  radar  spares.  Emplacement  of  the  shelters,  tower  and 
radar  enclosure  may  bt'  accom()lislied  by  cratie  oi'  medium  ludicopters  as  sho'Ati  in 
Figure  3-41.  V\'hen  rcr|uired,  tlie  radar  cnclosiu'e  can  l)c  assemble<l  at  a local  dc|Kit 
and  sling-lifted  to  a remote  site. 


Fi^urt'  sho\vs  ;in  altt'i  'irtan  |H(  »'  scanniT  array  with  radar  tower  and 

three  sup(iort  shelter.-..  The  arrav  is  eorn|)nsed  of  a central  25(i  port  organ-]:)i[je 
scanner  connected  to  wave^tmdt'  and  expandeii  feedhorns.  The  rotating  scanner  is 
covered  with  a (irotective  cover  and  openings  between  adjacent  waveguides  to  provide 
water  drainage  within  the  distied  asscmhly.  A fiherglass-reinforcefi  Teflon  radome 
cover  is  j)rovided  to  completely  enclose  the  horn  ajierture  ring.  As  with  the  baseline 
.system,  this  radome  cover  provides  natural  anti-icing  and  environmental  protection 
for  the  array  aperture.  This  horn-feed  approach  can  also  be  combined  with  the  base- 
line radar  concept  as  shown  in  Figure  .T-42A  and  should  be  considered  from  the  stand- 
point of  simplicity  and,  therefore,  lower  costs  as  well  as  significantly  reduced  prime 
power  requirements. 

The  scanner  array  is  mounted  on  a modular  steel  tower  with  tubular  connection 
to  ;in  equipment/sparcs  shelter  directly  underneath.  Waveguide,  power  and  signal 
cables  are  enclosed  in  the  protective  tube. 

ITie  transmitter,  signal  processor  and  communications  equipments  are  housed 
in  the  shelter,  along  with  a maintenance  bench.  Adjoining  the  equipment  shelter  is 
the  prune  power  generation  shelter  and  a mainten;mce-()ersonnel  support  shelter. 
Emplacement  is  made  by  truck  :ind  crane  or  by  helicopter  as  with  the  baseline  system. 

c.  RING  ARIIAY  DESCRIPTION 

(1)  Perfornnmee  Considerations 

The  ring  array,  shown  in  Figure  3-39,  provides  a 3G0°  azimuth  electronic  step- 
sc:m  capiiljility.  It  consists  of  1-56  columns  of  8 elements  each  arranged  on  a 28.  2-\ 
diameter  circle.  Excitation  of  8 elements  in  a column  is  such  as  to  provide  the 

9 

required  -10°  to  -50°  coverage,  with  csc“  pattern  from  15  (100  k ft  at  60  nmi)  to 
50°.  A portion  of  the  ring,  consisting  of  44  columns  and  covering  a 101°  sector,  is 
utilized  to  form  the  azimuthal  beam  collimation.  Scanning  is  accomplished  by 
switching  this  active  sector  around  the  ring,  in  single-column  steps,  thus  scanning 
the  beam  in  steps  of  2.3°. 

Figure  T-'I.T  shows  a "string"  block  diagram  of  this  system  and  was  usen.!  as 
a basis  for  developing  several  options.  TTiese,  in  turn,  were  evaluated  in  terms  of 
prime  power  reliability,  and  cost.  Each  column  of  eight  elements  is  fctl  by  an 
eight-w'ay  Muller  Matrix.  Proper  amplitude  excitation  of  the  input  ports  of  the 
Butler  .Matrix  [irovide.s  the  ilesired  elevation  patU'rn.  The  principal  variants  which 
evolved  in  th(‘  design  process  are  shown  in  summary  form  in  Figurt's  3-4*1  througli 
3-46. 
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Figure  3-43.  Simplified  Block  Diagram  for  Ring  Array 
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a.  Phase-Steered  Cylindrical  Array 
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b.  M;itri.x-Switchf‘(i  Dclny  Focused  Cylindrical  Array 


Figure  .'1—14,  Cylindrical  Arrays 
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Figure  3— lu.  Frequency-Scanned  Planar  Array 
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Figure  Organ- Pipe  Scanned  Cylindrical  Array- 


In  a ring  array,  the  element  phase  excitation  rerjuired  to  collimate  the  radiation, 
referenced  to  the  ring  center,  is  given  by: 

vI*  - - ^ sin  6 cos  4>  (3-31) 

p A p 

where 

K = radius  of  the  ring 

0 the  polar  angle 

(J>  the  angular  position  of  a radiating  element,  p,  measured  from  the 
^ center  of  the  active  sector 

Note  that  the  phase  is  dependent  on  0 as  well  as  on  If  a ring  array  is  collimated 
at  a given  elevation  angle,  it  is  improperly  phased  at  angles  somewhat  removed  in 
elevation.  This  is  no  problem  for  a (X3ncil  beam,  but  creates  difficulty  for  a fan 
beam.  The  input  ports  of  the  lUitlcr  Matrix  form  narrow  elevation  beams  at  various 
elevation  angles.  Kach  of  these  elevation  beams  can  lx;  collimated  in  azimuth  by- 
applying  a phase  which  is  projx'r  for  that  beam's  elevation  angle.  Fach  Butler  Matri.\ 
input  |)ort  will  then  form  a pencil  beam  commensurate  w-ith  the  aperture  height  and 
width  at  Its  particular  elevation  angle.  By  exciting  several  of  these  ix>ncil  beams 
stacked  in  elevation,  an  elevation  fan  beam  is  formed  which  maintains  its  beamwidth 
and  sidelolx*  characteristics  at  all  elevation  ;uigles.  In  some  previous  studies  it  has 
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been  found  unnecessan’  to  independently  phase  each  elevation  beam.  Lf  the  elevation 
coverage  is  not  too  large,  it  is  satisfactory  to  phase  the  beams  in  two  groups,  with 
two  or  three  beams  in  each  group. 

The  exam|)le  column  elevation  j^attern  a j showm  in  Figure  3-47(b),  utilizing 
five  input  ports  corresponds  to  a five-beam  sin  x/x  Woodward  synthesis  approxima- 
tion to  the  desired  pattern.  In  the  case  shown,  the  gain  is  allowed  to  decrease  at 
negative  angles,  but  coverage  to  -10°  is  provided. 


) 


■ t 

i 

K 

\ 

I 

i 

i 


♦ 


% 

. »■ 
.1' 

■ 


lal  SaVATION  PAniRN 


- • -S  . 

a;»MUTM  PATn^N 


Figure  3-47.  Cylindrical  Arra\  Fan*' 

Figure  3-43  shows  the  Butler  Matrix  l)eing  IvaI  ai  n>i  • n 
[K,*ndent  phasing  as  two  groups,  one  group  bt  ing  Uw  !•  * < i • 
grou|)  i)eing  the  up|)er  two  t)eams.  1 he-  a.  i mutt.  .1  .i  » 
shifters  in  the  I ranstnit/Hecelv e I'l  Ki  m.«i  a*  - 
ui)j>er  and  lower  groups  are  eonitun*'*!  mn  • 
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T/R  moduk's.  Subsetiuent  analysis  dc-lermincd  that  accei)table  tracks  could 
lished  with  only  single-level  phasing  to  oO  elevation  as  shown  in  Figures  3- 

3-4t) . 

I i 

' ' The  sector  switches  consist  of  a set  of  52  SP3T  switches,  which  selec 

elements  in  a 120“  sector  which  includes  the  active  sector  of  44  elements, 
switch  is  connected  to  three  columns,  separated  by  120  in  the  array.  One 
. three  will  always  be  in  the  active  sector.  Thus,  the  52  sector  switches  sel 

j adjacent  columns  constituting  a 120°  sector  of  the  array,  i'hese  columns  ai 

I nected  to  the  52:1  divider/combiner  which  combines  the  channels  and  forms 

t 

antenna  input  port.  Of  the  52  columns  selected  by  the  sector  switches,  44  t 
I activated  at  a time.  The  other  eight  are  turned  f)ff  by  control  of  the  amplifi 

•'  their  T/H  modules. 

This  method  allows  flexibilit\  in  choosing  the  angular  sector  of  the  ac 
I to  be  iiny  value  up  to  120'.  Small  angular  sectors  re((uire  lai'ger  diameter 

! larger  sectors  may  exceed  the  element  pattern  beamwidth  capability.  Ojjtir 

widths  appear  to  be  in  the  neighborluxid  of  100  , since  this  gives  a reasonab 
to  the  radiation  beamwidth  of  most  array  elements.  The  detailed  designs  ol 
3-44  through  3—10  use  a 90°  sector. 

In  order  to  achieve  the  specified  sidelobes,  an  am|)liUide  ta()0r  must  1 
applied  to  the  active  sector  in  each  mode.  As  the  sector  is  switched,  a givi 
changes  relative  iH)Siti(ni  in  the  sector;  hence,  its  amplitude  and  phase  musi 
with  azimuth  scan.  In  the  receive  channel,  this  is  done  by  means  of  a I^IX  ( 
modulator  after  the  preamplifier,  which  is  controlled  b\’  a central  beam  set 
troller.  Similarly,  the  transmit  power  level  is  controlled  by  controlling  th( 
voltage  of  the  jx)wer  mcKiule.  This  methotl  jirovides  a wide  dynamic  rimge  c 
The  varialRe  collector  voltage  can  be  supplied  by  a programmable  [xjwer  su 
whieh  a variable  reference  voltage  is  used  to  control  the  output  volUige  in  ai 
with  the  sean  schedule. 

(2)  Growth  l^otential 

^ The  S|X!cified  growth  path  is  from  2-D  to  3-D  o()eration. 

System  growth,  particularly  in  terms  of  basic  capability  such  as  powt 
increases,  are  generally  difficult  to  implement  because  of  the  compromises 
must  be  maiie  in  the  basic  design  to  allow  for  the  nuxlification.  For  this  cf 

[ growth  to  3-1)  re()uires  relatively  little,  if  any,  compromise.  The  reason  i 
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basic  csc“  coverage  in  elevation  is  provided  for  all  configurations  except  the  parabolic 
torus  by  a passive  array  column  feed.  The  stated  requirements  are  for  coverage  from 
-10°  to  +50°.  As  discussed  in  the  ring  array  description,  this  may  tje  implemented 
by  a simple  passive  Butler  matrLx  for  each  column  of  eight  elements.  'ITie  beam  out- 

9 

puts  are  then  combined  and  weighted  to  form  the  csc“  beam  pattern.  For  growth,  any 
or  all  of  the  eight  elevation  beam  outputs  are  avidlable  for  processing. 

A reasonable  growth  compromise  may  be  one  in  which  a subset  of  these  eight 
beams  are  used  to  provide  elevation  data.  ITiis  selection  can  be  deferred  by  simply 
providing  suitably  terminated  ports  on  the  Butler  Matrix  for  the  initial  design  and 
adequate  space  for  the  subsequent  processing.  This  approach  has  been  derived  on 
prior  programs,  and  several  variations  may  be  considered.  The  most  obvious 
implementation  is  the  formation  of  up  to  eight  beams  on  receive  and  the  use  of  a 
stacked-beam  processing  approach.  This  necessarily  increases  the  beamformer 
and  processing  complexity  as  with  any  stacked  beam  approach.  However,  if  tri- 
coordinate data  in  search  is  required,  this  option  is  available.  The  beam  configura- 
tion for  a three-beam  version  is  shown  in  Figure  ;i— 16. 
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Figure  .1-46.  Sample  Beamshapes  for  a Type  A Growth  Option 
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HF  DFSIGN 


a.  C'ONFIGl  RATION  DFTAII.S 

A number  of  HF  configurations  were  designed  in  detail  for  the  Unattended  Radar 
to  provide  a basis  for  configuration  selection.  These  include  fiv’c  cylindrical  arrays 
and  one  parabolic  torus  as  described  above.  Each  configuration's  principal  merits 
and  costs  are  summarized  below.  The  cylindrical  arrays  described  are  apfiropriate  to 
a 1.5°  beamwidth  design.  The  recomni(mded  3°  system  is  identical  except  that,  in  all 
cases,  "25<i"  is  replaced  by  ”128"  and  "84"  is  replaced  by  ”32"  due  to  the  smaller 
array  reijuired. 

The  closest  api)roach  to  e((uipments  already  built  is  illustrated  in  Figure  3-49. 

It  utiliz.es  bit  steering,  the  bits  actually  being  lengths  of  line  but  referred  to  as 
"phase"  bits.  (The  difference  is  of  importance  principally  when  the  steering  com- 
m:mds  are  prepared. ) In  this  configui  ation  the  transmit  pulse  is  amjilificd  in  a 
driver,  sent  to  the  cylindrical  array  through  a circulator,  power  divided  G4  ways, 
with  the  pulse  then  being  phased  by  the  four-bit  time  delay  network.  The  pulse  is 
then  amplified  by  a controlled-output  power  amplifier,  :md  delivered  to  the  appro- 
priate element  in  the  desired  quadrant  of  the  array  by  a four-pole  switch.  Each 
element  is  actually  an  8-element  array  with  a csc^  pattern  providing  the  desired 
vertical  directivitv.  The  received  signal  is  collected  by  the  same  elements  and  pro- 
cessed through  the  same  path  (except  a preamplifier  and  controlled  attenuator  replace 
the  |X)wer  amplifierl.  The  signal  is  fed  to  the  receiver  by  the  circulator  at  the  in(iut 
to  the  array. 

The  circular  array  utilizes  a taper  in  the  illumination  to  attain  low  azimuth 
sidelobes.  In  this  configuration,  the  taper  is  established  by  the  controlled  output 
power  amplifier  and  the  controlled  attenuator  after  the  preamplifier.  Figure  3-49 
includes  other  details  such  as  the  receiver  protector  with  its  keycr  to  prevent  the 
transmit  signal  from  damciging  the  preamplifier.  Power  levels,  and  number  of 
identical  units  in  a 256-element  array  are  indicated. 
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An  allorriMU'  approach  is  shown  in  Figure  3-50.  The  bit-steerinj’  is  replaced 
by  a switch  matrix  which  connects  64  inputs  to  64  outputs  in  sec(uence.  A time-delay 
assembls  provides  broadband  accurate  phasing  capaijility.  To  accommodate  the 
omnidirectional  "l\,"  i)ulse  lor  beacon  o|XTation,  a method  is  provided  tor  bypassing 
the  delay  lines.  'I'he  amplifiers  associated  wdth  this  approach  are  essentially  iden- 
tical to  that  of  the  first  approach. 

The  third  approach  features  an  "organ  t)ipe"  style  scanner.  This  is  shown  in 
Figure  3-51.  In  this  case,  a number  of  other  changes  including  a single  transmitter  and 
receiver,  an  ampl itude-taf)ered  power  divider,  and  a horn  instead  of  a Butler  ^''at^ix 
element  assembly  prove  convenient.  The  horn  option  is  also  a candidate  for  all  other 
cylindrical  array  alternates  due  to  its  relative  simplicitv,  and,  therefore,  lost  cost. 

In  its  simplest  form,  the  horn  approach  disallows  growth  to  3-1)  operation.  Proper 
mechanical  design  will  provide  long  trouble-free  operation.  Note  that  an  independent 
antenna  for  the  omni-directional  "Pg"  pulse  is  suggested. 


A modification  of  the  second  approach  appears  in  Figure  3-52.  The  attenuator 
in  the  receive  path  is  avoided  by  utilizing  a tapered  outijut  power  divider.  The  voltage 
controlled  power  amplifier  must  now  be  oi)erated  at  constant  gain  ;ind  high  efficiency 
as  its  drive  power  varies.  This  should  be  feasible  in  a two  or  more  sttige  amplifier. 

A frequency  sc;m  approach  is  showm  in  Figure  3-53.  For  four-frequency  0|x?ra- 
tion  to  provide  the  desired  diversity,  an  extremely  long  feed  is  reejuired.  Independent 
frequency  agility  is  precluded,  and  a separate  beacon  system  is  required. 
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Figure  3-5u.  Matrix  Switched  Cylindrical  1-64-25G  Array 


Figure  3-51.  Organ- Pipe  Scanner  Cylindrical  Array,  RF  Block  Diagram,  Unattended  Radar 


Figure  3-5Ii.  Freqiienc3  Scanner  Planar  Array,  KP’  Block  Diagram,  Unattended  Radar 


A mechnnical  confij^uration  ap|)oars  in  Figure  ;5-54.  Tlic  |)ower  for  rotation  of 
a larjto  I'ffloctor  is  typically  considered  excessive  for  a low-power  installation.  How- 
ever, there  appears  to  he  a number  of  steps  readily  taken  to  eliminate  the  lart^e  wind 
dra^  normally  encountered.  Basically,  the  air  around  the  feed  and  reflector  must 
move  with  these  parts.  A smooth  cylindrical  interface  (light-weight,  low'-loss 
radome)  provides  a low-drag  moving-to-stationary  air  surface.  Care  in  mechanical 
design  shows  i^romise  of  providing  a rotating  assembly  within  the  power  budget  for  a 
phased  array  with  its  multitude  of  switches.  Comparable  efforts  in  the  bearing  and 
motor  designs,  perhaps  with  routine  annual  maintenance  and  scheduled  replacement, 
can  provide  very  long  trouble-free  life.  The  potentials  for  meeting  the  power  fuid  life 
reciuirements  with  a mechanical  design  have  not  received  the  extensive  study  which 
has  been  applied  to  electronic  approaches.  Therefore,  the  risk  in  terms  of  uncer- 
tainty is  higher.  The  potential  payoff  is,  of  course,  low'er  costs  for  the  ver\'  stringent 
prime  (X)wer  limits. 

(1)  RF  Prime  Power  Requirements 

The  prime  power  requirements  for  the  configurations  described  above  are  sum- 
marized in  Table  3-9.  These  apply  to  1.5°  and  3°  azimuth  beamwidth  L-band  systems. 
From  the  sensor  sizing  analysis  presented  previously,  a 3°  azimuth  beamwidth  design 
is  recommended.  It  is  seen  that  the  horn  or  simple  array  radiator  approach  signi- 
ficantly reduces  the  required  prime  power.  This  is  due  to  the  additional  two-way  loss 
incurred  in  the  matrix  array  design. 

b.  CRITICAL  RF  TECHNOLOGY 

Table  9-10  indicates  the  critical  technology  in  the  RF  design  area  as  a function  of 
each  option  described  above.  The  primary  concerns  for  the  baseline  design  are  the 
voltage-controlled  (Kjwer  amplifiers  and  the  diodes  used  for  steering  ;md  switching. 
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Figure  3-54.  Parabolic  Torus  Mechanically-Scanned  Antenna, 
RF  Block  Diagram,  Unattended  Radar 
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TABLE 

3-!I.  DC 

POWER  RE(^U1REMENTS 

L-BAND 

a 

. 1.5'  .Antenna 

t ipt  ions* 

.\[)proach 

B1 

Steering 

I'reampl  and 
.Attenuator 

Total 

IFF  Capabilitv 

Phase  Steered 

2y;b  ibT) 

51 

179 

525,  515 

Agile 

Delay  .Steered 

2!i:t  IS.a 

51 

179 

525 '515 

Agile 

Organ  Pipe  Scanned 

20b  i;t] 

50 

0 

258/181 

Filiform  Scan 

Delay  Steered,  Ta[H>red 

2.1b.  io;i 

51 

128 

458/542 

Agile 

Frequency  Scanned 

225  142 

0 

128 

555^270 

Non-integral 

Parabolic  I'orus 

2i;i 

100 

0 

515 

Fniform  Sean 

Organ  Pii>e  .TaiX’ red 

252' 159 

50 

12b 

450  O.-’; 

Fniform  Scan 

b.  5°  .Antenna  Options* * 

.\pproach 

HF 

Steering 

I’reampl  and 
.Attenuator 

Total 

IFF  Capabilitv 

Phase  Steered 

9!)0,/(i25 

25 

90 

1 105/740 

Agile 

Delay  Steered 

990/025 

25 

90 

1105.  740 

.Agile 

f)rgan  Pipe  Scanned 

TO.'l  445 

25 

0 

728.470 

Fniform  Scan 

Delay  Steered,  Tapered 

80.5 '50b 

25 

.14 

892/597 

Agile 

Organ  Pit>e,  Tafiered 

784/49(1 

25 

114 

875/585 

Fniform  Scan 

Krcquencv’  Scanned 

700  445 

0 

(14 

7<i4  5o7 

Non-iniegral 

Parabolic  Torus 

(1(15 

50 

0 

713 

Fniform  .Scan 

• Double  values  (e.  , 52;f^:iini  indicate  prime  power  ran^e  required  with  Butler  matrix  array 

columns  and  horn  radiator  options. 

••  Double  values  (e.  k.  , 1105^740)  indicate  dc  power  range  required  with  Butler  matrix  array 
columns  and  horn  radiator  options. 
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Tlu'  (K)\M'r  amplifier  concerns  center  on  the  need  lor  voltage  control  to  effect  a 
taper  on  transmit.  Alti'rnates  to  this  include  relief  from  the  re(|idrement  for  trans- 
mit sidelohe  suppression  ;uid  including  resistive  tapering  and/or  phase  tapering  on 
the  antenna  side  of  the  transmit  module.  The  first  alternate  should  he  reasonable 
considering  the  remote  application  but  was  not  available  as  an  o|ition  in  this  design 
effort.  If  available,  it  would  result  in  elimination  of  the  power  amplifier  concern. 

The  second  alternative,  weighting  on  the  element  side  of  the  power  module,  was  not 
included  due  to  the  increased  loss  and  the  resulting  prime  power  penalty. 

t he  diode  switch  concern  again  is  focused  by  the  prime  power  concern  both 
in  terms  of  low  loss  and  low  power.  These  concerns  would  also  vanish  if  the  jjrime 
power  constraint  was  relieved.  With  emphasis  on  prime  power,  it  becomes  impera- 
tive to  utilize  the  lowest-loss  lowest-cost  swatches  available  that  satisfy  the 
reliability  concerns. 

(1)  Power  Amplifiers  Technology 

Power  amplifiers  for  the  I. -band  radar  and  integral  SIF/ITF  require  operation 
at  1030  MHz  and  across  the  1215-  to  1400-Mllz  b;md.  Amplifiers  in  the  50-  to  100-W 
power  range  are  being  ()roduced  or  designed  now  for  the  radar  band.  The  extension 
to  1030  MHz  in  the  same  circuit  is  not  normally  done.  One  amplifier,  a driver 
rc[)lacing  a traveling  wave  tube  in  General  Electric's  long-range  IHPAR  2-D  radar 
eciuipment  has  been  built  and  its  performance  measured.  Figure  3-55  shows  the 
results.  This  50-dB  gain,  4.5-W  nominal  output  am()lifier  meets  the  frec|uency- 
bandwidth  requirement,  bui  is  a Class  A device  with  low’  efficiency.  Another  L-b;md 
amplifier,  made  for  the  Naval  Air  Defense  Center,  appears  in  Figure  3-50,  It  pro- 
vides 6-  to  8-W  output  with  50  mW  drive,  at  a 10-percent  duty  cycle,  with  a short  or 
long  [)ulse.  Its  nominal  fre(|uency  range  is  1200-1400  MHz,  and  provides  some  gain 
and  output  at  1030  .MHz.  A broadband  solid-state  amplifier  is  currently  being 
develo|)ed  for  I.incoln  Laboratories  by  General  Electric.  From  this  experience  base 
GE  is  confident  that  an  efficient  amplifier  can  be  made  for  the  required  frequencies 
and  the  required  10-  to  15-W  [)eak  power  output  per  column  T/H  modules. 

The  output  of  each  amplifier  must  be  adjustable  downward  from  the  maximum 
value  for  a range  of  about  20  dli  to  provide  the  desired  illumination  tai>er  for  sidelobe 
control.  'I'his  can  be  accomplished  by  changing  the  supply  voltages.  Figure  3-57 
presents  the  results  on  an  existing  one-stage  anqilifier  with  constant  drive.  Feed- 
through limits  the  minimum  output,  with  a minimum  effective  gain  of  about  -4  dB. 


a 
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IVo  stages  cascaded  would  provide  the  full  20  dB  required  range  of  outputs  with  a 
constant  input,  or  with  somewhat  different  voltages,  it  would  provide  the  desired 
output  with  :in  effective  "constant  gain"  from  a tapered  drive.  The  amplifiers  for 
this  serv  ice  will  re<|Uire  extra  care  in  the  design  of  the  circuitr>'  to  avoid  detuning  as 
the  applied  collector  voltage  changes.  The  collector-voltage-controlled  amplifier 
IKjrmits  reasonable  efficiency  to  be  maintained  over  a wide  range  of  output  power. 
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t Attaining  a controlled  collt‘Ct(;r  voltage  eflicienily  is  necessary  if  overall 

I efficiency  :uul  low  total  power  dram  is  to  be  attained.  vSwitch  regulated  power  supplies 

^ provide  one  possible  approach,  but  switch  controlled  resonant-charged  line  modulator 

should  be  tlie  most  efficient  approach.  A simplified  circuit  apiiears  in  Figure  3-5P 
Conceptually,  the  switch  permits  a start  of  a resonant  charge  until  the  required  energy 
has  been  supplied  to  the  inductor  and  the  cajiacitance  of  the  pulse  line.  The  switch  is 
then  turned  off,  and  that  part  of  the  energy  in  the  inductor  is  tnmsferred  to  the  line. 

The  energy  is  held  until  the  transmitter  is  operated.  The  energy,  and  therefore  the 
line  voltage,  is  controlled  by  the  time  the  charging  switch  is  turned  on.  This  should 
form  ;m  efficient  source  of  the  required  voltage  of  each  amplifier. 


j Figure  S-TiH.  Controlled  Modulator 

a 

j A review  of  the  requirements  shows  that  the  |X)wer  out])ut  at  1030  MHz  can  be  far 

below  that  required  in  the  radar  band.  The  1030  MHz  requirement  is  for  an  interro- 
gator in  a secondary  radar.  At  the  radar  power  level,  the  free-space  range  would 
be  almost  1500  nmi,  while  the  requirement  is  only  GO  nmi.  Thus  the  power  can  be 
reduced  as  the  range  scjuared,  to  about  (G0/1500)  of  the  radar  level,  or  28  dB  less 
power,  (tne  possibility  is  to  bypass  the  column  amplifiers,  substituting  controlled 
1 attenuators  where  appropriate.  Another  is  to  control  the  amplifier  amplitude  and 

j phase,  but  at  a much  lower  gain,  at  the  beacon  frequency, 

i 

Another  pfjssible  configuration  would  include  a switched  tuning  clement  in  the 
amplifier  to  establish  profxm  impedances  at  the  active  devices  on  the  beacon  frequency 
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(when  the  eciuipment  is  ojK'rnteil  as  a lieacont,  while  normal  operation  would  provide 
uniform  coverajte  of  the  121.0-14(10  MHz  radar  band. 

Kach  of  these  alternatives  is  considered  fea.'.;ible.  The  selection  of  the  o|)timum 
approach  will  reejuire  some  further  system  desi^  maturation.  The  broadband  amt)li- 
fier  im{X)ses  the  fewest  restrictions  on  the  system  design,  liut  reciuircs  the  most 
development  effort.  The  switched  tuning  element  will  require  less  development,  but 
re((uires  an  additional  control.  The  switch  lj3’passing  the  power  amplifier  introduces 
additional  losses  before  and  after  the  power  amplifier,  reejuiring  more  power  in  the 
nominal  radar  mode  of  operation,  but  rec(uires  the  least  development.  It  also  is  more 
easily  implemented  with  a tapered-drive  system  thim  with  a uniform  drive  system, 
and  estalilishes  the  minimum  drive  level  to  be  supplied  to  the  power  amplifiers  as 
that  required  for  beacon  operation.  (This  is  considered  not  to  be  a serious 
limitation). 

There  appears  to  be  at  least  three  alternatives  in  providing  both  beacon  and 
radar  operation  in  the  same  ec|uipment.  All  are  deemed  feasible,  and  all  reejuire 
some  development  effort. 

(2)  Switch  Technology 

A major  power  consumer  in  each  of  the  electronically  scanned  arrays  in  the 
myriad  of  switches  ref|uired.  The  typical  "on"  current  for  each  diode  of  a switch  is 
more  than  25  mA,  to  perhaps  as  high  as  lOO  mA  for  lower  diode  loss.  Existing  driver 
circuits  typically  have  not  been  designed  for  lower  |>ower  drain.  The  power  required 
is  not  an  important  design  consideration  since  the  total  required  has  been  small  com- 
pared to  the  typical  total  system  power,  i’hc  unattended  radar  power  limitations 
requires  that  great  weight  be  given  to  both  diode  loss  and  control  power  in  the  design 
optimization. 

There  are  basic  semiconductor  limitations  which  will  probablj  preclude  a major 
reduction  in  switching  iiower  into  a diode  at  a desired  RE  power  and  imiiedimce  level. 
Some  imjirovements  should  be  possible  by  tuning  out  the  shunt  capacitimce  which 
limits  available  isolation,  and  by  including  switching  time  of  the  diode  in  the  specifi- 
cation and  selection  process.  The  switch  for  the  unattended  radar  requires  careful 
selection  of  switching  time,  allowed  loss  and  isolation  to  [xjrmit  minimization  of  the 
diode  losses  and  operating  current. 
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The  isolation  [)ro\  idc'd  In  a sin^ilo  diode  is  tv()ically  about  20  dB  at  L-band, 
limited  to  this  value  by  thi'  inherent  shunt  capacitance  of  the  diode.  Higher  isolation 
is  unusually  attained  by  cascading  diodes.  'I'his  increases  the  lU'  loss  and  the  control 
power  reiiuired.  The  isolation  can  be  increased  by  tuning  out  the  capacitimce  with  a 
shunting  inductor.  Ihi.s  increases  isolation  over  a limited  bandwidth  from  20  dli  to 
40  dB  over  a 10-percent  band,  and  from  20  dB  to  30  dB  over  a 30-[>ercent  band.  The 
difference  can  be  significant  in  this  application. 

The  drive  circuits  typically  utilized  include  a provision  for  removing  stored 
charge  keyed  by  the  diode  drive  transistor,  as  in  Figure  3-59.  The  self-driving  cir- 
cuit avoids  extra  control  circuitry.  It  increases  the  voltage  drop  in  the  diode 
switching  circuit.  Current-control  resistors  are  ;dso  included,  making  the  circuit 
suit.aljle  for  ojjeration  from  a available  source.  I’he  self-driving  turn  off  cir- 
cuit also  shunts  the  diode,  reciuiring  a small  additional  current.  These  features  can 
be  changed  to  a different  "turn  off"  circuit,  with  reduced  voltage  drops  and  slightly 
less  current  from  the  supply  for  the  same  diode  "on"  current.  A i2  V supjily  at  the 
same  current  will  reduce  the  reigiired  power  by  (>0  percent.  Where  possible,  the 
turn  off  circuit  should  be  eliminated  and  the  diode  be  allowed  to  recover  by  recom- 
bination. For  submicrosecond  switching,  as  for  the  "B2"  P^lse  in  the  IFF/SIF  mode, 
this  circuit  is  probably  required.  In  normal  radar  0[)eration  it  should  not  be  needed. 
'I’he  turn  off  circuit  might  be  externally  controlled,  so  that  it  draws  power  only  when 
"P^"  is  required.  'I'he  steps  noted  should  permit  the  ()ower  required  for  each  diode 
switch  U)  be  kept  below  100  mW. 

5.  IF  DKSIGN 

'Hie  IF  fjortion  of  the  radar  design  consists  of  the  e.xeiter,  waveform  generator, 
and  receiver.  The  exciter,  along  with  the  waveform  generator,  develops  the  wave- 
form m<xiulations  to  be  transmitteii  and  timing  signals  rcigiired  thioughout  the  radar. 
I'he  receiver  processes  the  RF  sign.al  by  mixing  it  down  to  IF,  amplifies  the  result  and 
finally  converts  it  to  a video  in-phase  and  quadrature  signal  by  synchronous  detection. 
IFF  signal  generation  and  processing  will  be  accomplished  in  the  same  exciter  and 
receiver  as  used  for  radar  signals,  sharing  common  hardware  wherever  possible  to 
minimize  i)ower  requirements, 

rhe  exciter  will  generate  in  the  transmit  mode  a Linear  Freciuency  Modulation 
(LFM)  pulse  at  one  of  eight  selectable  L-band  agile  frequencies  for  radar  transmis- 
sion, or  a Continuous  Wave  (CW)  signal  at  1030  MHz  along  with  three  gates  of  0.8-ps 
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duration  for  IFK  intorroii;ation  transmission.  In  Hk-  rocidvo  mode,  the  exciter  will 
Kcnerate  an  apjiropriate  radar  Iioc-al  O.scillator  (IXi)  frcquencN'  usi‘d  to  rernovc  the 
a^tile  freqiK'ncv  from  the  reiurn  signal,  .ind  pioviile  tin  IFF  IX)  for  IFF/.SIF  replies. 

Controlled  pulse  sjiaeinns  in  the  IFF  transmis.sion  mode  will  permit  interroj^alion  of 
the  vtirious  standtird  IFF  mode  cixles.  Common  amplifiers  are  used  for  both  transmit 
and  receive  modes  to  minimi/e  amplifier  power  requirements.  Sindlarly,  much  of 
the  equipment  for  radar  signal  generation  is  emploied  in  IFF  signal  generation. 

Fight  crvsttJ  oscillators  provide  a choice  of  eight  transmit  frequencies  which 
can  be  employed  at  the  command  of  the  dtita  processor.  The  particular  oscillator 
selected  to  derive  the  agile  tnuisniit  freijuency  is  subsei^uenlly  employed  to  make  up 
the  receiver  I.U.  MLxing  this  LO  with  the  radar  return  removes  the  agile  frequency 
and  generates  a fi.xed  IF  frequency  of  80  .MHz.  The  ninth  crystal  oscillator  is  used 
to  generate  both  the  IFF  transmit  signal  of  1030  MHz  and  the  receiver  LO,  also  of 
1030  MHz.  This  LO,  when  mixed  with  the  IFF  transponder  return  signal,  generates 
a GO-MHz  IF  signal  in  the  IFF  portion  of  the  receiver. 

The  receivei  shall  process  either  the  radar  or  the  Il'F  return,  A common  RF 

amplifier  is  useti  for  both  radar  and  IFF  returns.  The  received  RF  signal  is  mixed 

with  the  exciter  supplied  LO  to  generate  an  IF  signal  which  is  am|)lified  and  envelope 

detected.  Fur  the  radar  return,  im  in-phase  and  quadrature  video  signal  shall  be 

generated  so  as  to  [>ermit  coherent  processing  by  the  signal  processor,  A 60-dB 

dynamic  range  will  be  provided  by  the  receiver;  that  is,  the  receiver  will  maintain 

linear  oiieration  for  signals  which  exceed  the  noise  level  by  up  to  60  dB.  This  is 

more  than  ade(|uate  to  handle  the  worst  case  condition  of  maximum  expected  clutter 

(84th  [x*rcentile  ground  clutter)  at  minimum  radar  range.  The  wide  dynamic  range 

of  the  receiver  makes  it  unnecessary’  to  employ  Sensitivity  'Hme  Control  (STC)  to 

maintain  linearity,  a highly  desirable  result  because  of  the  adverse  effect  of  .STC 

2 

on  the  two-dimensional  esc  antenna  pattc'rns, 
a.  FXCTTER 

The  exciter  functional  schematic  is  shown  in  Figure  3-60.  The  stable  local 
oscillator  (STALO)  frequency  is  80  MHz.  The  STALO  is  a state-of-the-art  oscillator 
design  which  has  been  u.sed  in  seveiad  high-performance,  high-reliabilitj’  applications 
including  the  .Systems  I'echnologi  Radar  (.STR)  radar.  A graph  of  the  measured  short- 
term stability  is  shown  in  Figure  3-61.  The  short-term  stabilitj'  after  frequency 
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nuiltiplication  to  320  MHx  will  be  bcttei'  than  4 parts  in  10  in  a 1.0-ms  sampling 
intcrv'al. 

'['he  times  four  fre(|uency  multiplier  is  a cascade  of  two  frc()uency  doublers  vuth 
an  interstiige  bandpass  filter  and  power  amplifier.  A bandpass  filter  at  the  output 
is  coupled  to  a j)Ower  amplifier. 

The  exciter  in  Figure  3-00  performs  as  follows.  The  320-MHz  output  from  the 
fre<|uency  multiplier  ;md  power  amplifier  is  applied  to  an  HF  switch.  In  radar  ajid 
IFF  trrmsmit  as  well  as  the  IFF  receive  mode,  the  320-MIiz  I.O  si^^nal  is  applied  to 
a single-sideband  modulator  composed  of  a quadrature  coupler,  two  double  balimccd 
mixers  :md  an  in-phase  power  combiner.  A 320-MIIz  bamlpass  filter  with  a 3-dB 
bandwidth  of  10  .MHz  (to  accommodate  the  IFF  pulse  re(|Uirements)  is  used  to  couple 
the  single-sideband  mexiulator  out])ut  to  the  complementary  port  of  another  RF 
switch. 

In  radar  receive  mode  the  HF  switches  mentioned  above  switch  to  their  fail-sale 
(losition  (in  which  no  power  is  dissi()ated  by  the  switch).  This  ainilies  the  320-MHz 
fre((uency  multiplier  output  to  a double  balanced  mLxer  which  also  has  the  bO-MHz 
STAI.O  as  an  input.  The  difference  freciuency  is  selectively  filtered  by  a 240-MHz 
bimdpass  filter  wliich  rejects  the  320  MHz  by  more  than  60  dll. 

The  240-.MHZ  radar  receive  I.O  signal  anti  the  320-MH/  radar  trimsmit,  IFF 
transmit  (rmd  receive)  LO  signals  are  amplified  in  a common  power  am|)lifier  and 
applied  to  a double-balanced  mixer.  An  isolator  coiqiles  fret|uencies  from  a 9-channel 
oscillator  to  the  other  input  of  the  double-balanced  mixer. 

The  9-channel  oscillator  consists  of  8 volt:ige-controlled  cr\  st;Ll  oscillators 
locked  to  the  80- MHz  STAIX)  fret)uency  in  a i)hase-locked  loop.  The  8 voltage- 
controlled  crystal  oscillators  are  arrrmged  in  two  grou])S  of  four  with  a frctiuency 
difference  of  50  MHz  between  adjacent  channels  in  each  grou|>.  The  oscillator  fre- 
quencies are  between  895  MHz  and  1080  MHz.  Only  one  oscillator  is  selected  at  a 
time  to  conseiwe  [)ower.  A common  heater  assures  freciuency  tracking  with  no 
warm  up. 

'I'he  ninth  oscillator  is  a free-running  crystal  oscillator  at  a frequency  of  710 
.Vlllz  which  is  used  to  generate  the  final  IFF  transmit  and  receive  HO  frequencies. 


3-9 1 


The  output  oI  the  douhlo-luilanccd  mixer  is  isoiator-coupled  to  a power  amplifier 
which  is  used  in  iioth  transmit  and  rcceivi'  I.f)  Kcoeration  to  conserve  power. 

A pair  of  KI'  switclies  and  two  bandpass  filters  are  used  to  filter  the  radar  and 
IFF  transmit  and  receite  l.u  sif^nals.  Two  bandpass  filters  are  retjuired  to  avoid 
ima^e  fre<iuencies. 

An  isolator  and  power  anijilifier  a ’c  used  at  the  common  output  ol  the  HF  switch 
to  iiro\  ide  the  required  output  levels.  The  power  amplifier  is  common  to  the  transmit 
and  receive  fre(|uency  generation  tunction  to  conserve  iiowcr.  An  HF  switch  following 
the  power  amplifier  selects  the  proper  path  for  the  generated  HF  frequencies. 

'I’he  freiiuency  divider,  which  is  a module  of  the  exciter  shown  in  Figure 
generates  all  rcagiired  .system  clocks  as  well  as  transmitted  gates  for  generating  the 
various  IFF  transmit  interrogation  codes.  A functional  schematic  of  the  freciuenc\ 
divider  is  shown  in  Figure 

b.  \VA\  KFOHM  GFXKHA  I fiR 

The  waveform  generator  is  also  a module  of  the  exciter  shown  in  Figure  3-(i0. 

A functional  schematic  of  the  waveform  generator  is  shown  in  Figure  3-(>^  and  per- 
forms as  follows. 

The  address  counter,  an  8-bit  C.MOS  binary  counter  provides  the  address  loca- 
tions lor  the  b-l-bit  by  b-bit  CMOS  Heatl-t)nly  Memories  (HO.M's).  Fach  HUM  con- 
tains stored  values  of  the  in-phase  (I)  and  (luadrature  phase  (Q)  samples  of  the  Band- 
width Time  (B'i  ) 32  i.FM  waveform.  The  counter  cycles  through  one  complete 
secjuence  of  address  locations  each  lime  the  LF.M  waveform  is  reiiuired. 

The  output  of  the  C.MOS  HO.M's  is  applied  to  D.A'J'Kl.  UAC  1T8B  b-bit  Digital- 
to-Analog  (D  A)  converters  which  are  clocked  at  500  kll/.  The  U/A  converter  current 
source  outputs  aie  converted  to  voltage  outputs  by  high  Sjieeil  IC  oiierational  ampli- 
fiers (DA'l'KI.  AM-103)  which  are  referenced  to  the  internal  reference  voltage  of  the 
D/A  converters  for  precise  temperature  tracking.  A gain  control  is  provided  for 
amplitude  matciiing  of  the  I&Q  nuKluIating  signals.  The  outiiut  of  the  opei'ational 
amplifiers  is  sufficient  to  drive  the  double-balanced  mixers  in  the  exciter  while  over- 
coming losses  due  to  imjiedance  buffering  and  filtering. 

I'he  low  pass  filters  following  the  operational  amplifiers  provide  rejection  of 
the  aliasing  terms  appearing  in  band  due  to  discrete  time  sampling  at  twice  the  Nyciuist 
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rail'.  Tlu'  lilliTh  ari'  passive'  with  an  Lint'rlc'd  Tchebysclii'll  ri'Sponse.  This  filter 
type  allows  supi'iaor  Hat  amplitude  and  urcjup  delay  charaeteristics  in-band  while  also 
providing  arbitrary  xeroe-s  (jf  transmission  in  the  stop  band.  The  ultimate  rejcctiejn 
will  be  approximate'ly  f)2  dH  with  transmission  zeroes  place-d  near  425  kHz  and 
575  kHz  (a  natural  "zero"  oceurs  at  5(H)  kHz  due  to  the  first  order  hold  effect  of  the 
IVA  converter  sampling). 

The  low  pass  filter  outputs  are  applieei  through  high  spee-d  Field-Fffect  'I'ran- 
sistor  (FK  T)  analog  switches  (t’rystalonics  t’AG14)  to  the  eloublc— balanced  inLxers  in 
the'  excite'!'.  The  high  speed  analog  switch  pi'ovides,  in  one  position,  the  phase  modu- 
lation foi'  geneiating  the  LFM  pulse.  In  the  otiier  |)osition  of  the  switch,  a constant 
bias  is  output  to  the  exciter  to  generjite  the  C\V  signal  used  in  the  IFF  mode  for 
pulsed  transmission  and  for  the  IFF  receive  LO.  Balanceei  current  sources  in  the 
switched  arm  pro\  ide  the  necessary  dc  l>ias  to  the  modulating  input  of  the  double- 
balanced  mixers. 

The  anal(jg  switches  are  controlled  by  commands  from  tlie  I IF  vaveform  gen- 
eration cii'cuitry  which  contains  less  tlian  25  CMOS  K"s  under  the  control  of  the  data 
processor.  Mode  control  inputs  determine  pulse  widtiis  ;ind  time  between  pulo..s. 

Less  than  five  I TL  1C  devices  are  used  in  the  frequency  divider  and  IFF  waveform 
generator. 

c.  HFCFIVFH  AM)  SYXCHK( )XOL  S DKTFCTOH 
( 1 ) Primary  Hadar 

I'he  primary  radar  receiver  and  synchronous  detectoi'  functional  schematics  are 
shown  in  l igures  3-P4  and  :3-)i5,  resj)ectively.  Inputs  from  the  receiver  protector  are 
applied  to  a Performance  Monitor/ Fault  Location  (PM/FL)  coupler.  A low  noise 
solid-state  amplifier  provides  20-dB  gain  for  both  IFF  and  radar  IF  sections  and 
essentially  establishes  the  system's  noise  temperature.  An  isolator-cou|)led  fre- 
quenc\  iliplexer  provides  selectivity  foi'  the  IFF  and  radar  and  allows  a cimimon  low 
noise  amplifier  to  be  used  for  both  radar  ;md  IFF  receivers. 

The  radar  output  frefjueneies  from  the  frequenev  diitlexer  are  isoIator-eou))led 
to  a high  level  double-balanced  niixt!r  which  has  an  IX)  in])ut  drive  level  of  17  clBrn. 

The  IX)  frequenev  on  receive  is  SO  MHz  below  the  transmitted  frequen«'v.  A PM  FI)/L 
coupler  is  i)l:ieed  ahead  of  the  nidar  IF  bandi):iss  filter  (an  LC  narrowliand  filter  with 
abf)ut  4 dB  insertion  loss).  'I'he  noise  level  output  of  the  narrow4)and  filter  is  ap|irox- 
imately  -!)2  dBnt  (noise  |x)wer  in  a 280-kIIz  bandwidth). 
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P'iguri'  a-d*!.  I nattcmk'd  Haiiar  Hfc-t'iver 


I tu'  li'  amplifier  seetinii  ol  the  radar  recei\a-r  will  provide  a minimum  of  GO-dli 
insUuU;meous  d\namie  rany*'.  A low-ptiwer  K'  If  amplitier  (LMTodi  ^ivcs  2u-dlf  of 
linear  t;ain.  The  aitiplifier  stage  is  biased  to  provide  phase  stable  amplitude  limiting 
to  prevent  severe  A/D  converter  overdrive. 

The  svnehronous  detector  shown  in  Figure  3-h.'>  is  input  through  an  in-phase 
power  divider  which  prov  ides  ;m  etiiuil  power  split  to  etich  double-balanced  mixer. 

The  i)o\ver  divider  is  isolated  Irom  the  double-balanced  mixers  through  3-dH 
attenuators  which  buffer  the  IF  port  \'oltage  Standing  Wave  Ratio  (\'SWR)  and 
improve  the  isolation.  The  «u-Mil/  STAI.O  signal  is  applied  through  a (|uad- 
rature  hvbrid  and  3-dB  attenuator  to  the  1.0  ports  of  the  doui<le-balanced  mixers 
at  a level  of  *17  dBm  (at  the  LO  porti.  At  this  drive  levt.’l,  these  mixt*rs  assure 
intermodulation  products  below  the  receiver  noise  level  at  the  input  to  tlie  video 
amplifiers. 

The  bipolar  video  Irom  the  double-balanced  mixers  is  filtered  liy  low  pass 
passive  filters  wh.ch  arc-  bufferetl  by  ll-dB  attenuators  to  provide  a good  match  tf) 
the  IF  port  of  the  mixers.  The  low  pass  filters  are  a Butterworth  type  which  provide 
greater  than  60-dB  rejection  of  tlie  bO-.Mll/  STALO  leakage  terms  from  the  mixers. 

The  filters  are  matched  in  phase  and  amplitude  to  assure  proper  I&Q  channel  tracking. 

The  video  amplifiers  are  selected  tor  low  noise  and  will  provide  at  least 
•1.02-1  V into  a 50-(2  load  across  the  12."j-kllz  video  bandwidth.  A dc  offset  correc- 
tion loop  within  the  signal  processor  assures  a zero-mean  noise  level  by  aver:iging 
noise  samples  in  a selected  range  window  on  a I'HF  basis  and  correcting  the  dc  com- 
ponents in  the  video  am[)lifiers  through  a feedback  network.  The  video  amplifiers 
are  also  matched  in  phase  and  amplitude  to  provide  for  projier  channel  balance. 

(2)  IFF  Receiver 

'ITie  IFF  iiortion  of  the  receiver  shown  in  Figure  .‘l-ii*}  ojierates  as  follows.  The 
IFF  outjiut  of  the  frequency  diplexer  is  applied  to  a high  level  mixer  through  :m  oscil- 
lator. The  IFF  I.O  drive  level  is  also  17  dBm.  The  1,0  frequency  is  1030  MHz  which 
provides  for  a 00  MHz  IFF  difference  freciuency.  A PMFL  coupler  and  bandpass  filter 
couple  the  60  MHz  IFF  difference  frequency  to  a 6-stage  low-power  IC  log  video 
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amplifier  which  provides  an  80-dB  instantaneous  dynamic  ranj;e.  The  lo^;  video  output 
provides  the  envelojje  of  the  IFF  tr;ins|)onder  pulsed  code  to  the  Data  Processing 
subsystem. 


(3)  Power  Requirements  for  IF  Design 

The  total  dc  power  rccjuired  for  the  IF  portion  of  the  radar  is  28  W distributed 
as  follows; 


Exciter  (not  including  frequency  divider  and 

16,5 

W 

waveform  generator) 

Frequency  Divider 

2.5 

W 

Waveform  Generator 

4.6 

w 

Receiver  (not  including  Synchronous  Detector) 

3.0 

w 

Synchronous  Detector 

1.4 

w 

28.0 
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SECTION  1\ 
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1.  rNTHODTCTlON 

The  rccommonclod  waveform  for  the  I nattended/ Minirnally  Attended  Hadar  con- 
sists of  a 32-pulse  transmission  in  each  azimuth  dwell  i^osifion.  Each  [julsc  is  128  (xs 
in  duration  with  Linear  !■  re()uency  MiKlulation  (I.FM)  cMKlins  to  provide  a bandwidth  of 
25(t  kHz,  corresponding  to  a compressed  pulse  of  4 ps  and  providing  a range  resolu- 
tion of  0.32  nmi.*  Eight  pulses  will  be  transmitted  at  a fixed  carrier  frequency,  with 
a nominal  separation  in  time  of  0.9  ms  providing  an  unambiguous  range  of  73  nmi. 
Three  more  8 pulse  grou|)s  with  similar  timing  will  tje  transmitted,  with  carrier  fre- 
quency separation  of  nc)minallv  30  Mllz.  A sketch  ot  this  waveform  is  shown  in 
previous  Figure  3-33. 

A block  diagram  of  the  signal  processor  for  this  waveform  is  shown  in  Figure 
4-1.  The  processor  will  perform  the  following  functions; 

• Pulse  conq)ression  of  the  128  fxs  I.I'.M  [>ulse  to  4 ^s. 

• Doppler  processing  of  the  eight-pulse  waveform  train  to  provide  eight 
Doppler  channel  outputs  and  achieve  coherent  summation  over  each 
eight-pulse  train. 

• Weighting  of  selected  Doppler  jirocessor  channels  to  reduce  Doppler  side- 
lobes  and  w iden  null  regions  of  the  Doppler  response. 

• Hackground  estimation,  based  on  an  average  from  32-range  cell  samples 
of  signal  around  each  range  cell  of  interest,  to  determine  the  clutter  level 
in  each  Doppler  channel  except  the  zero  Doppler  channel. 

The  Data  ITocessor  will  complete  the  signal  processing  function  by: 

• l-*erforming  the  four  sample  noncoherent  integration  by  summing  the  signal 
magnitudes  from  each  of  the  four-pulse  trains  for  each  range-Doppler  cell. 

• Completing  the  background  estimation  by  combining  the  estimates  from 
each  of  the  four-pul. se  trains  for  each  range-Doppler  cell. 

• Maintaining  a zero-Doppler-clutter  map  by  recursive  u^xlate  over  each  scan 
of  the  zero  Doppler  channel  signals.  The  clutter  map  provides  an  average 
ground  clutter  level  for  each  range-azimuth  cell. 

^Combining  background  estimates  across  the  four  frequency  diversity  channels 
provides  an  effective  sampling  tin'C  of  1 ps  for  mean  level  thrt^sholding,  as  describe<l 
in  Section  l.c  below. 
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• I’t'rfornunn  lar’nel  dotcction  by  first  selecting  peak  signals  in  rangt'  and  de- 
claring a target  present  if  the  peal,  signal  magniliule  exceeds  any  of  three 
threshold  levels  which  are; 

A fix(Mi  level  based  on  expi'ctefl  thermal  noise  level 

A level  compiiti'd  from  the  estimated  background  by  multiplying  the 
estimate  in  each  range-Doppler  cell  by  a specified  constant  which  will 
provide  a desirtni  probability  of  false  alarm.  The  background  for 
Doppler  channel  zero  is  obtaintx!  from  the  clutter  map. 

A spt'cial  level  is  computed  for  the  Dopfiler  channels  on  either  side  of 
the  zero  velocity  channel.  This  level  is  the  product  of  a constant  and 
the  ground  clutter  estimate  from  the  clutter  map.  Large  stationary- 
point  objects  will  thereby  bo  prevented  from  causing  false  detections 
in  the  Doppler  channels  adjacent  to  the  zero  velocity  channel.  Re- 
jection of  low -velocity-  signals  is  adc-ejuate  in  the  remaining  Doppler 
channels  so  as  to  nt)t  require  special  processing  for  large  stationary 
obj  ects. 

• Performing  L;irget  azimulh  estimatif)n  by  interjiolation  of  the  signal  magnitude 
over  three  successive  azimuth  dwell  positions. 
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Fijrure  4-1,  Processor  Block  I)iap:*ani 
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LX)PPLEH  PH(  K’KSSfNC 


The  rccommciidcd  Dopplt'r  sensitive  waveform  and  associated  Doppler  jirocessor 
has  distinctive  features  which  make  it  the  best  choice  for  the  Unattended  Radar.  Like 
Moving  1 ar^et  Indicator  (M  l 1)  processing,  Doppler  processors  will  reject  low-radial 
velocity  interference  in  all  filters  excejit  the  one  tuned  to  zero  Doppler.  Doppler 
filter  resiKinse  nulls,  for  all  but  the  zero  velocitj'  filter,  can  be  made  to  occur  at 
zero  Doppler  frixjuencv  as  .shown  in  FiRure  3-34,  and  thereby  provide  essentially  the 
same  rejection  to  low  Doppler  clutter  as  a single  delay  line  MTI  processor.  In  addi- 
tion, however,  the  Doppler  [irncessor  can  handle  two  important  situations  which  can- 
not he  handled  by  the  MTI.  First,  it  provides  coherent  integration  of  zero-radial 
velocity  targets,  which  in  conjunction  with  the  recommended  ground  clutter  map  will 
permit  detection  of  low  speed  targets. 

b.  DOPPl.ER  WEIGHTING 

The  second  feature  of  Doppier  processing  is  that  it  can  accommixlate  inter- 
ference which  is  not  near  zero  Doppler,  as  well  as  interference  whose  Doppler 
(spectral)  location  changes  ajijmeciably  with  range.  Interference  which  shifts  its 
spectrum  with  range,  as  has  been  shown  to  be  true  of  weather  interference,  cannot 
be  cancelled  by  a single,  fixed  rejection  zone  filter.  The  Doppler  processor  attempts 
to  isolate  the  interference  in  Doppler  so  that  some  Dofiider  channels  can  operate  in  a 
relatively  interference- free  environment.  Weighting  of  the  Doppler  channel  outputs 
greatly  improves  this  isolation  by  decreasing  the  Dojipler  sidelobe  response.  I’ro- 
posed  design  weights  of  -1/2,  1,  -1/2  provide  a response  for  the  center  filter,  i.e.  , 
the  one  weighted  bt’  unity,  whose  Doppler  sidelobes  are  down  below  ,32  dB,  Such 
weights  are  obviously  extremely  sim|)le  to  implement  in  a digital  processor  since 
multiplication  by  1/2  is  equivalent  to  a single  shift. 

Besides  reducing  Doppler  sidelobes,  weighting  provides  a second  important 
effect.  Null  regions  of  the  Doppler  response  are  very  significantly  broadened  by 
weighting.  Therefore,  the  rejection  from  any  one  of  the  weighted  filters  to  ground 
clutter,  which  by  design  of  the  filters,  will  always  be  centered  on  a response  null,  is 
increased  by  10  dB  above  what  a single  delay  line  MTI  would  provide.  This  same  null 
region  widening  also  decreases  the  Doppler  filter  sensitivity  to  radar  frequency 


instabilities  b\  the  same  In  dH  over  that  ol  the  M i l 1 liter.  Weiuhtint;  will  not  be  per- 
formed for  the  Doppler  filters  on  either  side  of  the  zero  velocity  filter,  or  for  the  zero 
velocity  filter  itself,  since  the  broadenin^^  of  the  mainlolie  response  due  to  weiKhtins 
is  detrimental  to  ground  ami  weather  clutter  response  of  these  filters. 

c.  MACKGUOl'NI)  KSTl.M.\Tf().\ 

Weather  clutter  interference  has  been  shown  to  vary  its  Dopjilcr  positiim  as  a 
function  ol  range.  A technique  is  therefore  required  which  adaptively  turns  "off'  the 
clultertHi  Doppler  channels  as  they  occur  in  range  and  turns  them  back  "on"  again  when 
they  arc  no  longer  cluttered.  The  background  estimator  aids  in  accomplishing  this 
function  by  approximating  the  clutter  level,  for  each  separate  Doppler  channel  except 
the  zero  channel,  at  ewery  range  cell  using  signals  from  K>  range  cells  on 
either  side  of  the  center  cell  of  interest.  The  center  cell  signal  and  the  tw'o  cells 
adjacent  to  the  center  range  cell  on  either  side  are  not  used  in  the  two  Ifl  sample  sets 
so  the  signal  of  interest  (in  the  center  celli  will  not  influence  the  background  estimate. 
f)nce  the  background  is  derived,  it  is  used  to  control  the  detection  threshold.  .As 
clutter  varies  from  one  range  cell  to  the  next,  the  threshold  is  correspondingly  raised 
or  lowered  to  prevent  the  clutter  from  causing  excessive  false  detection  reports. 

The  recommcnde<l  processor  samfil  ing  rate  of  tw  ice  the  signal  bandw  idth  of  2.a0  kHz 
provides  the  background  estimator  with  22  samples  (two  1(1  sample  windows)  which 
span  a range  of  fi  nmi  (considering  the  5 sample  center  gap).  That  is,  the  clutter 
extending  2 nmi  on  either  side  of  every  range  cell  is  used  to  estimate  a local  back- 
ground. A larger  estimation  window  would  be  inappropriate  because  of  the  variation 
of  weather  clutter  with  range.  The  22  samiiles  used  tf)  e.stimate  the  clutter  level  are 
highly  correlattnl  becaus<‘  the  saniplcs  are  taken  at  twice  the  signal  bandwidth.  Ef- 
fectively, only  Ifi  independent  samples  are  available  from  the  22  sam|)le  total.  This 
is  tfxj  few  to  obtain  a reliable  background  estimate  and  the  corresponding  detection 
processor  loss  will  be  excessive.  Therefore,  the  background  estimates  are  combined 
separately  for  each  range  cell  and  Doppler  channel  from  each  of  the  four  (nilse  trains 
comprising  a single  azimuth  dwell.  In  this  way,  the  numbt>r  of  independent  samples 
is  increased  by  a factor  f>f  4 so  that  04  samples  are  employed  in  making  each  estimate 
and  the  detection  loss  is  retluced  to  a relatively  low  level.  By  providing  04  indepen- 
dent samples  of  clutter  within  a 0-nmi  range  window,  the  recommended  design 
achieves  an  effective  bandwidth  of  1 MHz. 
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Combining  corrpspoiidinK  Dopplrr  ohnrmol  outputs  from  one  eij^ht-pulsc  train  to 
next  is  normally  not  possible.  Since  each  train  ejnploys  a flifferent  fret|uency,  the 
Doppler  location,  of  any  signal  or  clutter  havin;;  a s^iven  (nonzeroi  radial  velocity,  will 
chanfie.  That  is,  sipnal  or  clutter  could  appear  in  flifferent  Doppler  channels  tin  suc- 
cessive pulse  trams,  makin^t  combinations  frt)m  train  to  train  impftssible.  Doppler 
alignment  can  however  be  maintained  over  all  four-|)ulse  trains  by  adjusting  the  I’ltF 
in  each  train  to  just  compensate  for  the  Do[)pler  shift  due  to  carrier  frequency  change. 
A Doppler  aligned  system  is  recommended  for  the  I'nattendefl  Itadar  because  it  not 
f)nly  permits  combining  background  estimates  between  pulse  trains,  to  greatly  reduce 
detection  losses  from  clutter  level  uncertainty,  but  also  permits  more  effective  signal 
integration. 

e.  DIVERSITY  GAIN 

Each  of  the  four  8 pulse  trains  is  transmitted  on  a different  carrier  frequency. 
As  a result,  four  independent  samples  of  any  target's  fluctuating  signal  return  are 
receivefl.  This  can  yield  a dramatic  improvement  in  detection  performance.  Assum- 
ing a Swerling  II  target  cross  section  nuKlel,  the  four  inflependent  noncoherently- 
combinetl  samples  require,  for  a given  probability  of  detectiim,  a Signal-to- 
Interference  Ratio  (SIR)  per  sample  which  is  8-  to  4-dl)  less  than  would  be  rexjuired 
if  the  samples  were  com[)letely  correlated  and  were  coherently  integrated.  The  non- 
coherent integration  between  independent  sanqiles  requirefl  to  achieve  this  diversity 
gain  can  only  be  acconi|)lished  if  the  Doppler  channels  remain  alignc'd  between  pulse 
trains  so  that  integration  can  be  performed  se(jarately  on  each  Doppler  channel. 
Approximations  to  noncoherent  integration  required  in  a nonaligned  Doppler  configura- 
tions, such  as  summing  the  largest  clutter  normaliztxl  signal  from  anumg  all  the 
Doppler  clumnels  on  each  pulse  train,  would  incur  a very  large  detection  loss  because 
of  the  clutter  level  uncertainty.  Such  approximations  and  their  associated  detection 
losses  are  not  re<juired  in  the  recommended  Doppler  aligned  .system. 
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Ono  consiHjurnce  of  th(>  sysieni  is  the  (iresence  of  blind  speeds.  These 

occur  f)ec:uise  the  recommendini  pulse  tram  has  a PKF  of  about  1.  15  kHz  leading  to 
Doppler  response  foldover  ever>  1.  15  kHz.  As  a conse<iuence,  targets  at  Doppler 
frequencies  which  are  integer  nuilti|jles  of  1.  15  kHz  (corresponding  to  a velocity  of 
123  m/'s  or  24u  kts)will  a[)pear  in  ttie  same  Doppler  channel  as  the  zero-velocity 
ground  clutter.  High  levels  of  ground  clutter  therefore  not  only  mask  targets  at  zero 
velocity,  which  is  unavoidable,  but  also  targets  having  velocity  which  correspond  to 
Doppler  frequencies  of  1 15  kHz,  2.3  kHz,  3.45  kHz,  etc.  which  arc  referred  to  as 
blind  spetHis.  Detection  performance  loss  at  blind  speeds  caused  by  ground  and  weather 
clutter  is  <(uite  apiiarent  by  the  [lericxlic  nulls  in  [mevious  Figure  3-35. 

The  alignc'd  Doppler  system  will,  on  a given  scan,  generally  be  unable  to  detect 
targets  whose  radial  velocities  occur  at  blind  speeds  and  whose  range  corresponds  to 
the  clutter  range.  A variation  in  i’HF  between  successive  radar  scans  w ill  change 
the  location  of  the  blind  speeds.  A recommended  PRF  increase  of  five  percent  on 
each  scan  for  four  successive  scans  will  adeiiuately  fill  in  the  blind  speeds.  High 
S()ee<l  targets  will  be  detectable,  that  is  out  of  the  blind  speeds,  on  at  least  two  out  of 
e\  ery  four  scans.  ( 'f  course,  the  blind  speed  problem  only  exists  in  the  iiresence  of 
clutter  so  that  in  clear  regions,  a target  would  be  detectable  on  all  scans.  In  con- 
trast, an  MTI  svstem  places  a response  null  at  zero  Doppler  which  generates  blind 
sj)ee<is  at  integer  multiples  of  the  IdU'  whether  clutter  exists  or  not,  although  the 
effect  of  M i l blind  si>ecds  can  also  be  significantly  reduced  by  using  "staggered" 

PKF’s. 

g.  CL {TTKH  .VlAP 

The  charactt'ristics  of  ground  clutter  are  sufficiently  different  than  weather 
clutter  as  to  re^iuire  s()ecial  processing.  The  former  is  stationary  and  highly  non- 
uniform,  capable  of  exhibiting  extremely  large  cross  section  in  one  range  cell  and 
virtually  nothing  in  a neighboring  cell.  Background  estimation  techniques  employed 

*The  term  'hlind  speed"  is  used  here  to  refer  to  a targi't  radial  velocitv  at  which  clut- 
ter masks  the  target  return.  I'his  n'asking  can  onlv  be  caused  bv  clutter  near  the 
range  of  the  target  ami  in  the  sanu*  Doppler  filter.  The  mean  level  threshold  is  then 
adaptivelv  raised,  retlucing  the  dctectabilitv  of  the  target.  This  is  a somewhat  un- 
conventional apiilication  of  the  term  'lilinrl  sin-ed",  since  it  usuallv  refers  to  a fixed 
(unw'antedl  null  in  the  passband  resixmse  of  tin*  dcwiees  used  to  remove  clutter. 

Bv  this  conventional  definition,  the  adaptive  processing  described  in  this  report 
has  no  "Idind  sfKuxIs". 
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for  weather  clutf(‘r  rfxniire  a reasonahlv  uniform  di-nsity  over  the  ran^e  intt'rval  use^l 
for  avera^intt  purposes.  Such  an  estimator  is  inapprf>priate  for  ^^round  returns  be- 
cause of  the  lack  of  uniformiU'.  However,  because  these  returns  are  stationary  in 
ranfte,  an  estimation  process  can  be  used  which  determines  the  clutter  in  each  ran^c 
cell  by  averajtinft  the  returns  from  that  cell  over  many  scans. 

clutter  map  will  be  maintained  by  the  Data  Processor  which  contains  an 
estimate  of  the  average  return  from  each  range  cell  for  every  azimuth  beam  position. 
Recursive  u(xlate  of  the  estimates  for  each  range-azimuth  cell  are  made  each  scan 
by  using  the  output  of  the  zero  velocity  Doppk'r  filter.  The  updated  estimate  is  ob- 
taincKi  by  taking  the  sum  of  7 ^8  of  the  jirevious  estimate  and  1/8  of  the  new  measure- 
ment. In  this  way  slowly  varying  changes  in  ground  clutter  due  to  temperature,  wind, 
and  moisture  variations  will  be  taken  into  account. 

The  ground  clutter  ma[i  (lermits  detection  of  very  low  radial  speefl  targets  such 
as  those  crossing  tangentially  to  the  radar  beam.  These  target  return  signals  which 
will  appear  in  the  zero  Doppler  filter  are  compared  to  the  ground  estimate. 

As  the  low  speed  target  moves  into  range  cells  which  are  not  heavily  cluttered,  the 
threshold  detector  will  note  that  the  signal  is  substantially  above  the  background  and 
will  declare  a target  present. 

2.  SIGNAL  PROCE.SSOR  RECjlTHEMENTS 

The  signal  processor  for  the  I’nattended  Radar  shall  consist  of  the  follow  ing 
functions: 

• Pulse  Compressor  - to  compress  a 128-ps,  I.FM  coded  waveform  of 
250-kHz  bandwidth  to  4-ps  w idth. 

• Dop()ler  Ib'ocessor  - to  coherently  integrate  8 samples  uniformly  spaced 
a nominal  0.9  ms  apart,  for  all  radar  ranges  over  8 interjiulse  perirxls. 
Right  Dopiiler  filters  will  be  provid(>d  with  output  weighting  of  selected 
channels. 

• Magnitude  Processor  - to  compute  the  output  magnitude  from  each 
Dopple^"  channel  for  all  radar  ranges. 

• Background  Estimator  - to  com()ute  the  average  background  at  any  range 
by  summing  signal  samples  at  32  points  (1(!  samples  on  either  side  of  the 
range  of  interest).  The  background  shall  be  determined  for  each  Dojiplcr 
channel  except  the  zero  channel. 
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11  the  HiKnnl  processor  is  synlhesiztnl  usinji 'liscrete  sii^nal  samples,  the  saioplin,; 
rate  shall  he  at  least  r,no  kHz  which  is  U\  ice  the  signal  bandwidth,  to  maintain  a low 
samplin^):  loss. 

b.  UVNAMK'  UANGE 

A dynamic  sit?nal  ranjje  of  51  dH  shall  be  accomm<xlate<-l  at  the  input  to  the  pulse 
compressor.  That  is,  the  signal  processor  shall  maintain  linearity  for  ^ound  clutter, 
at  the  84th  percentile,  which  e.xceaxls  the  thermal  noise  level  by  51  dH,  I'his  same 
51  dR  shall  be  accommodated  at  the  output  of  the  pulse  compressor  since  the  ratio  of 
jrround  clutter  (or  anv  range  continuous  clutter)  to  noise  is  not  altered  by  ()ulse  com- 
pression. Because  ground  clutter  is  narrowband  around  zero  Doppler,  the  CNR  will 
increase  through  the  Doppler  processor,  demanding  a GO-dH  capability'  at  the  zero- 
velocity  cluannel  output. 

c.  DIGITAL  PROCESSOR  A /D  CONVERTflR  REQUIREMENTS 

A fiigital  im()lementation  offers  one  nm-.as  of  synthesizing  the  signal  jirocessor 
for  the  1 nattended  Radar,  In  this  implementation,  the  output  of  the  radar  receiver 
is  tak(>n  through  a synchronous  iletector  which  rlevelops  an  in-phase  (I)  and  quadrature 
(t^)  vid«H)  signal.  Thes(>  I and  video  signals  are  then  sam()led  by  two  analog-to- 
digital  converters  (A/D),  one  for  I and  one  for  (.j.  Each  ''D  would  have  to  sam()le  at 
least  the  signal  bandw  idth  of  250  kHz  to  maintain  the  information  content  of  the  signal. 
This  com()lex  sampling  rate  equal  to  the  signal  banchvidth  is  referred  to  as  the  Nyquist 
rate.  However,  to  maintain  low  sampling  loss  as  stattxl  in  the  above  sampling  re- 
quirements |)aragra|)h,  the  A T)  will  he  operated  at  tw  ice  the  Nyquist  rate  or  500  kHz. 

An  operational  implementation  using  a single  .‘\/D  operating  at  1 MHz  and  time 
sharing  between  the  I and  sii^nals  is  functionally  equivalent  and  can  be  consideretl. 

In  tis  configuration,  one  of  the  signals,  either  I or  (^,  will  bo  time  delayed  by  a 
samj)ling  time  j)ericxl  to  maintain  time  alignment  of  the  I and  Q samples. 

The  A/D  shall  jirovide  at  least  10  bits  of  outinit,  one  bit  for  sign  and  9 bits  for 
amplitude.  Setting  the  thermal  noise  level  at  1.5  quanta  provides  a linc'ar  response, 
with  these  10  hits,  to  signals  57  dH  above  the  noise  level  on  the  1 and  Q channels. 


4-s 


i 

f 


(^iiantizat mn  noiso  is  a nu'asure  of  the  unc(‘rtamt\  <j1  llu  sl^^tlal  Icvol  duo  in 
cjuantizin^^  ani[>l iliidf'  to  disrrolo  lovf’ls.  This  noiso  incroasos  the  offoctivo  thoriii.al 
n<jisi‘  i>y  onlv  n.  2 dH  utic-n  the  thermal  noise  is  at  tlw  rocoMimomhfi  level  of  1.5  f|uanta. 
As  a point  for  comparison,  if  the  thermal  noise  level  were  set  to  (me  quanta,  the 
quantization  loss  would  he  d.  llu  dB. 

Bit  tn*owth  will  he  permitted  through  the  signal  lU'ocessor  to  account  for  in- 
creasc'd  dynamic  range  requirements.  At  least  ^2  hits  of  I and  (,>  shall  he  used  at 
the  out()ut  of  the  Doppler  processor.  At  this  point,  the  noise  level  will  he  estahlisheai 
at  2 quanta.  Signal  amplit"des  can  cons(vjuently  h(>  represented  in  1 and  (.}  which  ex- 
ceed the  noise  level  hv  (hi  dB,  which  is  greater  than  llie  rccpaired  dvnamie  range  at 
the  Do[)pler  [irocessor  output. 

d.  LOSSES 

Minimizing  signal  processor  detection  losses  is  extremely  imf)ortant  in  the 
Lnattended  Radar,  Each  1-dB  loss  necessitates  apifroximately  a 25  percent  increase 
in  transmitted  radar  energy  and  a corresponding  increase  in  prime  itower.  Signal 
processor  losses  luavc  been  held  to  a total  c>f  4 dB  in  the  recommended  di'signs  as 
shown  by  the  breakdown  in  Table  4-1. 

e.  PRIME  POWER 

Two  alternate  signal  processor  implementations  have  been  lound  to  satisfy 
the  requirement  for  the  I'nattended  Radar.  (>ne  design  is  a digital  synthesis  using 
existing  high  density  int(>grated  circuits  (ICs)  to  acconqilish  the  entire  signal 
processing  function  for  127  W of  dc  power.  The  alternate  doaign  uses  Charge 
Coupltxl  Devices  RX’D's)  in  a sam(dfx)  analog  design  which  acconifdishes  the  signal 
processing  function  for  only  22  W. 

While  the  CCD  hasc'd  design  offers  the  advantage  of  much  lower  power  and 
fewer  comiionents  (902  IC's  versus  2.'120  IC’s)  it  has  a higher  technological  risk. 

Many  of  the  CCD  components  which  are  ideally  suittxi  to  the  I’natte'ndixl  Radar  appli- 
cation, such  as  the  pulse  compressor  chip  and  the  CCD  Doppler  processor  configura- 
ti(jn,  are  iiresently  being  devtdoptHl  and  tested.  It  is  rt'commended  that  a single- 
string <’CD  signal  jirocessor  he  hreadboarded  and  verified  before  this  design  afiproach 
is  selected  for  the  Unattended  Radar.  Both  design  aiiproaches,  the  digital  and  the 
analog  CCD,  are  described  in  the  remainder  of  this  section. 
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'l  AHl  K 4-1.  SK'.NAl.  PROCKSSnK  DE  I KCTION  LOSSKS 


1 auso  Loss  (flH  i 

Doppler  mismatch  in  the  I’ulse  Compressor  'h -i 

(for  a mismatch  corresi)onciin(X  to  a 24t)0  knot 
tarjtet  velocity! 

A Converter  (Quantization  Loss  (a[)plicable  for  digital  0.2 

signal  proee^ssor  implemeiit.'ition;  for  thermal  noise' 
level  set  to  l.h  quanta) 

Han^e  .Straddling  Loss  tapplicable  to  discrete  samitlcd  o. :! 

signal  processor  implementation;  for  a complex 
sampling  rate  of  twice  the  signal  bandwidth) 

Doppler  Straddling  Loss  (for  llamnung  weighting  of  0.  r> 

adjacent  fdters  using  weights  of  1/2,  1,  1/2) 

Doppler  Weighting  Loss  (for  Hamming  weighting)  1.8 

HackgTf>und  Estimation  (CFAR)  Loss  (due  to  incorrect  0.3 

setting  of  detection  threshold  because  of  uncertainty 
of  precise  background  level;  based  on  32  correlated 
background  samfdes  for  each  of  four  8-f>ulse  transmission 
for  a total  of  128  correlated  samples) 

Implementation  Losses  (clue  to  rounding  truncation,  etc.  ) 0.  (• 


Total  l.osses  4.  0 dl? 


3.  DIOriAI  .SIGNAL  PROCESSOR 

a.  SCIMMARY 

A block  diagram  of  the  digital  signal  processor  design  is  shown  in  Ligure4-2.  It 
was  designedto  be  highly  reliable  white  using  tittle  pow(>r.  The  ri'l  iabil  ity  isachieved 
using  rciluiidant  logic.  Testing  is  done  from  the  d:ita  (irocessor  :ind  is  organized  into  two 
areas:  fault  detection  and  fault  location.  Fault  detection  is  achieved  bv  inserting  the  same 
tests  into  the  redundant  functions  and  comparing  their  outputs.  If  a fault  is  detected  by 
failure  to  comp.are  ex;ictly,  then  it  is  located  by  running  the  test  again  and  examining  the 
test  results  in  thedata  priKiessor.  Low  power  is  achieved  by  'ising  CMOS  logic,  C(?I)  digital 
memories  and,  in  some  instances,  low|)ower  Schottky  logic  where  higher  processing 
speed  was  reijuired.  There  is  little  difficulty  interfacing  CMOS  and  low  power 
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<.^iantiz;itii>n  noist-  is  a moasure  of  the  uncertainty  of  the  signal  level  due  to 
quanti■/in^!:  anipliliide  to  diserele  levids.  I'his  noise  increases  the  effective  thermal 
noise  by  only  0.  J dll  uhen  the  thermal  nois<>  is  at  the  recommendisl  level  of  1.5  quanta. 
As  a point  for  comparison,  if  the  thermal  noise  level  were  set  to  one  quanta,  the 
quantization  loss  WDiild  be  o.  !1.5  dll. 

Hit  growth  will  be  permitted  throujrh  the  sii^nal  jirocessor  to  account  for  in- 
creaswl  dyn.amic  ran^;e  requirements.  .At  least  12  bits  of  I and  <.)  shall  be  used  at 
the  output  of  the  Doppler  processor.  At  this  point,  the  noise  level  w ill  be  established 
at  2 quant.a.  .Si^^nal  timplitudes  can  consequently  be  represented  in  I and  which  e.\- 
cewi  the  noise  level  li\’  <><>  dll,  v^■(lich  is  tcruater  than  the  required  dynttmic  ransje  at 
the  Dop|)ler  processor  output. 

d.  LOSSES 

Minimizing  sitjnal  processor  detection  losses  is  extremely  important  in  the 
Unattended  Radar.  Each  1-dB  loss  necessitates  approximately  a 2.5  percent  increase 
in  transmittixl  radar  energy-  and  a corresponding  increase  in  prime  power.  Signal 
processor  losses  Inive  been  held  to  a total  of  4 dB  in  the  recommended  designs  as 
show-n  b\  the  breakdown  in  Table  4-1. 

e.  PRLME  BOVVER 

Two  .alternate  signal  (jrocessor  implementations  have  been  found  to  satisfy 
the  r«juirem(?nt  for  the  Unattended  Radar,  t »ne  design  is  a digital  synthesis  using 
existing  high  density  integrated  circuits  (IC's)to  accomplish  the  entire  signal 
processing  function  for  127  W'  of  dc  i)ower.  The  alternate  design  uses  Charge 
Couplwl  Devices  (CCD's)  in  a sampled  analog  design  which  accomplishes  the  signal 
processing  function  for  only  22  W. 

While  the  CCD  bastxl  design  offers  the  advantage  of  much  lower  power  and 
fewer  components  (902  IC's  versus  2330  IC's)  it  has  a higher  technological  risk. 

Many  of  the  CCD  compon«*nts  which  are  ideally  suittxi  to  the  Unattended  Radar  appli- 
cation, such  as  the  pulse  compressor  chip  and  the  CCD  Doppler  processor  configura- 
tion, are  presently  being  developed  and  tested.  It  is  recon)mended  that  a single- 
string CCD  signal  processor  be  briuidboanled  and  verified  before  this  design  approach 
is  selected  for  the  Unattended  Radar.  Both  design  approaches,  the  digital  and  the 
analog  C(T),  are  flescribed  in  the  remainder  of  this  section. 
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Schotfky  it  tlun  iiri'  both  run  with  ;i  5-\  jK>\sor  supply.  I'urthor  power  snvinns  were 
achi<ne(i  in  the  'lesij^n  tn  usin^  serial  arithmetic  tor  multiplication.  A serial  bit  rate 
of  8 MHz  provides  a 500  kHz  word  multiplication  rate  assumintr  that  it  takes  l<i  clocks 
to  do  a 12-bit  multiply.  '1  his  is  well  within  the  ranjte  of  iiresent  day  low  (lower 
Schottky  devices.  It  is  exp('ctt‘d  that  CNK'S  serial  multipliers  will  soon  be  available 
that  can  achieve  this  rate  at  even  lower  power.  By  usin^  only  CMOS  lo^ic  and  serial 
arithmetic,  a sijfnal  processor  could  bp  dt'si^ed  for  under  loo  W.  Ihe  present 
desi^tn  which  employs  low  power  Schottky  and  C.MtiS  us(>s  about  125  W. 

Before  pursuing;  the  details  of  the  sifina!  processor,  a few  words  about  one  of 
the  rejected  desiirns  is  in  order.  A microprocessor  approach  was  examined  for  sif^nal 
processing;  and  it  was  found  that  unless  some  simide  waveform  like  a Barker  code  is 
used,  the  number  of  instructions  and  in  turn,  the  required  power  to  do  (lulse  com- 
pression becomes  excessive.  Since  the  Barker  coded  waveform  is  Doppler  sensitive, 
it  is  unacceptable  in  terms  of  the  requirements  for  an  I'nattended  Radar.  ( ntil  the 
speofl  of  microprocessors  is  increased  by  a factor  of  10,  they  will  be  difficult  to  use 
in  I.FM  pulse  compression.  'I'he  results  of  this  design  show  that  microprocessors 
are  most  useful  for  the  functions  of  noncoherent  integration  across  the  four  frequency 
channels,  peak  detection  in  range  and  ;izimuth,  and  thresholding.  These  functions 
are  now  being  performed  in  the  data  processing  logic  which  is  implemented  w ith 
microprocessors  in  a unique  distributed  processing  architecture.  It  is  recommended 
that  the  functions  of  jmlse  conqiression,  t^qualization,  Doppler  processing,  envelope 
detection  and  CFAR  normalization  be  hardwired  in  the  signal  processor.  Two  im- 
plementations of  the  signal  processor  will  be  described.  One  is  a digital  design  using 
existing  components,  the  other  is  a more  technologically  aggressive  design  using 
analog  CCD  components  fircsently  unrler  development.  The  latter  approach  provitles 
signal  processing  at  a remarkably  low  prime  power  requirement. 


A block  ol  the  recommended  diKitnl  sitjnal  processor  is  shown  in 

[•'inure  4-L’.  'I'he  correspondinn  time  line  is  shown  in  l inure  -l-.'i.  I'he  output  of  the 
synchronous  detector  is  sampled  by  the  two  A,  IJ  converters  each  operatinn  at  a 500- 
kll/  rate,  so  two  10-bit  words  arc  sent  to  th<>  pulse  compressor  every  2 ps.  The  dc 
ct>rri‘ction  loop  is  lnclud^'d  to  eliminatt*  any  dc  bias  in  the  video  amplifiers  and  A/I) 
converters.  The  pulse  compressor  is  a phase  matrix  (Butler  matrix)  pulse  compressor 
usinn  an  s input  Fast  Fourier  I ransforrn  (FFT-8)  basic  desinn.  .Actually,  an  I- !•  1-4 
front  end  is  useil  with  an  output  network  th.it  results  in  the  correct  impulse  response. 

An  exjualizer,  a small  finite  impulse  resptjnse  (FlRi  filter,  is  included  to  reduce  the 
sidelobes  createxi  by  the  pulse  compressor.  Here  a conversion  is  made  to  serial 
arithmetic  to  sav'e  Ionic  and  power  in  the  multipliers.  I he  flata  is  left  in  serial  format 


and  (lassed  on  to  one  of  the  Doppler  iirocessors,  which  also  use  serial  arithmetic. 

'I'he  Doppler  processors  contain  CCD  dinital  memories  and  Combination-Exponentation 


(CE)  chi|)S.  The  t'E  chip  is  a C.eneral  Electric  invention  that  can  be  used  to  execute 

FF'r's  and  relatcxi  inner  pnxiuct  functions  with  serial  arithmetic.  Einht  of  these  chips 

are  combined  to  make  an  FF  T-8,  which  w ill  be  used  to  produce  einht  Doppler  channels. 

The  data  is  transferre<i  to  the  man*iitude  and  normali/.er  functions.  While  the  transfer 

is  serial,  the  data  is  reformatted  into  a parallel  format  in  these  functions.  The  mag- 

nitude,  M,  is  calculated  by  addinn  the  absolute  value  of  the  largest  of  I and  to  one- 

half  of  the  absolute  value  of  the  smallest.  The  normalizer  takes  these  magnitude 

2 

values,  squares  them,  and  calculates  an  average  background  estimate  (B  1 in  a window 
of  k;  range  cells  on  each  side  of  each  cell  with  a toUil  guard  band  of  five  cells  around 
the  center  cell  which  is  excluded  from  the  averaging  process.  Background  estimates 
are  made  for  each  Do[ipler  channel  output  except  the  zero  Doppler  channel.  'The 
cor res[M)nd ing  values  of  and  B"^  are  sent  to  the  data  processor,  which  noncoherently 
integrates  them  over  the  four  fre()uency  channels. 


Table  4-2  is  a summary  of  the  number  of  boards,  IC's,  and  power  re<|uired  by 

2 

each  function.  The  recommended  board  size  is  about  85  to  t)0  in.‘".  It  is  capable  of 
holding  ()0  to  70  IC’s  with  a 110  to  120  (lin  connector.  The  total  power  adds  up  to 
127  W,  but  if  the  equaliztm  ean  be  converted  to  C'MOS  with  the  development  of  a CMOS 
serial  multiplier  capable  of  going  at  8 to  10  MHz,  then  the  total  power  could  be  cut  to 
approximately  100  U’. 
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Figure  4-3.  Signal  Processor  Time  Fine 


TABLE  4-2.  SIGNAL  PROCESSOR  POWER  AND  LOGIC  ESTIMATES 


b. 


DESIGN  DETAILS 


The  A ^D  convertors  nnci  cic  correction  loops  are  shown  in  r-'ip^ures  4—}  and  1-5. 
The  main  function  of  the  dc  correction  loop  is  to  eliminate  the  dc  bias  and  drift  found 
in  A D converters.  A 32  sample  input  is  made  each  PUK  during  some  time  when  only 
receiver  noise  is  present.  This  valvie  is  delayed  one  dwell  time  and  aclded  into  an 
accumulator.  The  output  is  sent  back  to  the  synchronous  detector  where  it  is  usen;!  to 
adjust  the  video  amplifier  for  the  next  dwell. 

The  pulse  compressor  is  shown  in  Figure  4-fi.  It  is  a dual-channel  functitin 

that  compresses  I. EM  pulses  with  a liT  of  32.  The  reason  for  the  dual-channel  feature 

is  that  sampling  is  at  tw  ice  the  Nyquist  rate  so  there  are  essentially  two  channels  of 

information  to  process  for  each  pulse.  The  pulse  compressor  has  the  same  impulse 

response  as  an  FFT-8  even  though  the  front  end  is  just  an  FFT-4.  The  FFT-4  outputs 

are  used  twice  with  the  appropriate  delays  to  create  this  effect.  Ihe  data  is  reclocked 

1 .3 

at  the  output  of  each  adder  and  the  complex  multipliers  (W  and  VV  ) contain  a two 
adder  network  hardwired  to  look  like  a multiply  by  l/\  2 . 

The  equalizer  is  shown  in  Figure  4-7.  The  data  is  converted  from  a parallel 
to  a serial  format  for  the  serial  multipliers.  The  multipliers  and  adders  are  low 
power  Schottky,  For  more  detail  the  construction  of  these  multipliers  is  provided  in 
the  subsequent  signal  processing  element  design  description. 

Uliile  a single  [)ulse  compressor  and  equalizer  can  handle  the  required  data 
rate,  a second  fras  been  added,  as  shown  in  Figure  4-2,  for  redundancy  to  increase 
the  reluibility  of  this  portion  of  the  signal  ()rocessor.  This  area  was  assessed  as 
critical  to  the  .system  reliability  bec.ause  they  are  serial  functions  and  do  not  have 
the  functiixial  rexiundancy  found  in  the  Doppler  processor,  and  magnitude  and  normal- 
izer  functions. 
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The  DuppU-r  ()roci'ssi'i‘  is  shown  in  l inurt'  4-H.  It  usos  ci(rht  CK  chips  to  do 
.m  1-  I’T-s.  l-.acti  pair  of  fl-,  chips  work  tofictht-r  to  niaki'  ati  I F'r-2.  Ihrcc  rcrursj\c 
passes  have  to  he  nia<it‘  IhroUj^h  thi‘  CK  ciiii>s  to  do  an  FF  1 . Ktich  jiass  is  i-qui  valent 

to  ^oin^i  through  one  sta^e  of  !•  injure  l-'Jt  l lie  sort  inji  multiplexer  tniux)  is  uscfi  to  per- 
form thi'  interconnects  shown  hetween  the  FFT-2  blocks  in  l itjure  4-!t.  I he  tCI) 
memories  are  ortti'inized  to  jirovidc  a Ions  shift  resister  function.  Sixteen  shift 
resit'fc't  t’  nre  re<iuired,  cuich  with  a cn|)acit\'  of  fU!2  words  by  12  bits  for  a total  of 
4344  bits,  'the  Hi  resit^ters  provide  siorase  for  the  I and  samples  from  the  h ■ 
interpulst'  periixls  beins  firocessed.  The  two  CCD  memories  can  be  orsanizc'd  to 
build  shift  resist(>rs  in  multifdes  of  123  bits  uji  to  8192  bits  Ions,  so  there  is  ample 
provision  to  expand  (uti  to  (iSo  words  if  necessary). 

The  masnitude  calculator  is  shown  in  Fisure  4-10.  The  input  data  is  converted 
to  a parallel  format  in  the  paralle’-to-serial  resistors.  The  sisr  bit  is  examined  to 
determine  if  the  nvimber  is  positive  or  nes'ative.  1 he  jiositive  value  or  the  two  s 
complenient  of  the  nestitive  value  is  selected  to  sot  an  absolute  value  lor  I and  Q. 

The  two  values  are  compatu'd  and  the  masnitude  (Mi  is  calculated  as  the  lai’sest  plus 
half  of  the  smallest. 

I'he  masnitufie  is  svjuared  in  the  normalizer  (Fisure  4-11  ) by  usins  a Pro- 
Srammnble  Read  Only  Memory'  (PRO.M)  lookup)  table.  The  PROM's  use  less  power 
than  a multiplier  because  only  four  are  selected  at  any  one  time.  'I  he  unselected 
PROM's  only  consume  0.  1 mW  of  power  each.  Another  feature  of  the  normalizer 
is  the  Random  Access  Memory  (ItAM)  that  is  beins  used  to  synthesize  the  shift 
resistors  that  would  normallv  be  used  to  provide  the  32  cell  baeksround  window. 
Hacksround  values  are  calculated  in  the  accumulator  resister  which  reciuires  only- 
four  memory  accesses  to  calculate  each  R*^.  The  memory  is  a (i4  word  by  1(1  hit 
memory,  which  is  addresst'fl  by  a cy'clic  37  address  counter  to  implement  a shift 
resister  37  stases  Ions.  The  four  taps  are  found  by  addressins  the  proper  locations 
relative  to  the  .-iddress  in  the  address  counter  with  a modulo  37  addition.  .Actually, 
four  mofiulo  37  address  counters  are  beins  used  to  kec|)  track  of  the  ta|i  addresses. 
Finally,  the  values  of  M“  and  are  passed  onto  the  data  processor  where  they  are 
intesrat(‘d  over  the  four  fre<|uency  channels. 

'The  4 ('K  ehif)  jiairs  in  Fistiri*  4-H  correspond  to  the  four  FFT-2  butterflies  shown  in 
a sinsle  pass  of  Fisure  4-9.  In  o(>eration,  all  of  the  data  stored  in  the  ('('I)  memories 
is  proce.s.sed  bv  the  4 ('K  chip  pairs  and  returnefi  to  memory.  'Ihis  is  defined  as  a 
sinsle  (lass . Repealins  this  o|X)ration  2 more  limes  accomplishes  the  eomplete 
FFT-K  opijration  shown  canonically  in  I’isure  1-9. 
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CllAHCK  (.'(U  IM  Kl)  l)K\  IC'K  SICNAI.  i>K(  K’ESSOK 


Analun  Ch.i  ‘‘K*’  Dr  vice  <CCDi  itTi(>len'ent;)tkins  of  .srlrclf'i  r;id,ir  lu-ocoss- 

iiifj  functions  provide  ,in  cxtroniclv  lou  po\vi>r,  lightweight,  nnd  lou-cost  .iltcrnutivf’ 
to  the  conventional  digital  signal  iirocessor.  A (TI)  signal  processor  that  perforins 
pulse  conifiression  for  an  l.FM  uavoforin,  Dofipler  tiroci'ssing,  bacKgroiinfl  norn;ali- 
zation,  ami  digital  data  processor  interfaet'  is  illustrated  in  Figure  4-12.  The  follow- 
ing paragraphs  provide  greater  detail  of  the  iinplemeniation,  power  rcvjuirements,  and 
limitations  of  each  function  presented  in  Figure  4-12. 

a.  PIT.SK  COM  I'UFSSION  FIL  TER 

Ihilse  compression  (I’C)  for  an  l.FM  coded  waveform  of  time-bandwidth  product 
of  22  operating  at  twice  the  N’yiiuist  rate  reiiuires  a comple.x  finite  impulse  response 
of  length  1)4.  Operating  at  twice  the  Nypuist  rate  for  the  250-kllz  bandwidth  LF.M  sig- 
nal re()iures  the  baseband  signals  to  be  sampled  at  500  kllz.  CCD's  have  an  internal 
sampler  that  stores  a charge  proportional  to  the  applied  analog  signal  during  the 
clocking  interval.  In  other  words,  CCD's  are  analog  signal  processing  devices  that 
are  sampled  but  not  cjuaiUized.  Hence,  clocking  the  CCD's  at  500  kllz  provides  tw  ice 
Nyc)uist  o|)eration  for  the  baseline  waveform. 

Figure  4-12  illustrates  the  block  diagram  of  the  CCD  LFM  pulse  compression 
filter.  Hasebancl  input  signals,  from  the  .synchronous  detector  after  am(iIification, 
are  the  analog  input  signals  of  the  CCD's.  Each  CCD  is  a mask  programmable  serial 
structure  with  an  impulse  response  of  Icmgth  04.  Four  real-impulse  response  t'CD's 
(two  cosine  chirps  and  two  sine  chir[)Si  appropriately  connected  are  I'cquired  for  the 
PC  filter.  Since  each  CCD  shares  common  clocks,  two  CCD  transversal  filters, 
i.e.  , a cosine  chirf)  and  a sine  chirp,  would  be  packaged  in  a single  dual  in-line 
package  (DIPi.  Thus,  only  two  CCD  DIP'S  arc  required  for  the  pulse  compression 
filter. 

The  entire  CCD  pulse  compression  filter,  including  timing  and  control  cir- 
cuitry, recjuires  appro-ximately  55  IC's.  Thus,  the  complete  PC  filter  could  con- 
veniently be  mounteil  on  one  large  printed  circuit  board  (7.7  in.  \ 11  in.  ). 
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Figure  4-15.  Experimental  Transfer  Function  of  CCD  Sine  Chirp  Matched  Filter 
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SNR  of  the  CCD  chirp  matched  filter  is  described  via  the  follow  ing  experimental 
data.  Figure  4-]()(a)  illustrates  the  CCD  output  prior  to  S/H  with  an  input  signal 
present.  Note  that  each  cycle  contains  a reset  interval  prior  to  the  valid  sign  1 level. 
Figure  4-16(b)  illustrates  an  expanded  time  scale  of  the  CCD  signal  output  for  the 
case  where  there  is  no  input  signal  present.  This  photograph,  taken  from  a 20  .Mil/, 
oscilloscope  with  a 4-s  exposure,  represents  a time  averagetl  sample  of  the  internally 
generated  noise  appearing  at  the  output  of  the  CCD.  The  noise  level  near  the  knee  of 
the  curve,  which  is  where  the  S/H  would  be  strobed,  is  approximately  2 m\'. 

From  Figures  4-15  and  4-lfi(b),  the  peak  output  SNR  of  the  device  is  determined 
to  be  73  dB.  Decreasing  the  input  signal  by  73  dB  from  the  0.  1 dB  compression 
point,  the  output  correlation  peak  will  equal  the  internally  generated  noise.  Thus, 
this  CCD  device  has  a maximum  output  dynamic  range  of  73  dB.  However,  in  an 
operational  system  with  thermal  noise,  the  dynamic  range  will  be  degraded  slightly. 

Improved  device  dynamic  range  performance  will  be  obtained  by  reducing  the 
internal  generated  noise  through  use  of  the  proper  S/H  scheme.  Additional  improve- 
ment, if  required  from  a system  viewpoint,  can  be  obtained  by  including  special  low- 
pass  filters  at  the  P/C  output. 

CCD  pulse  compression  filter  limitations,  other  than  SNR  effects,  include  tap 
weight  accuracy  and  charge  transfer  inefficiency.  Both  of  these  effects  are  inter- 
related and  depend  on  the  physical  geometry  and  clocking  rates  of  the  CCD  device. 

Tap  weight  accuracy,  as  in  the  digital  implementation,  results  when  ideal  multiplier 
coefficients  are  rounded  to  predetermined  number  of  bits.  Due  to  limitations  of  the 
equipment  that  generates  the  tap  weights,  typical  tap  weight  quantization  is  1 part  m 
600.  Charge  transfer  inefficiency,  which  has  a bandlimlting  effect,  increases  as  a 
function  of  the  clock  rate.  A digital  computer  simulation  of  the  CCD  PC  filter  (BT  32, 
clocked  at  500  kHz)  with  currently  achieved  values  of  tap  weight  quantization  and 
charge  transfer  inefficiency  indicated  extremely  small  amounts  of  ma inlobe  broaden- 
ing and  negligible  sidelobe  degradation  compared  to  an  ideal  reference  case. 
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IXHMM.FM  PIUK'KSSOH 


Ch;irgp  couplpcl  devict's  represent  an  efficient,  low-pouer,  low-cost  techni(|uc 
to  perform  Doppler  processitif^  of  a hurst  wava'form.  Doppler  processinj?  of  an  ei^ht- 
pulse  burst  requires  that  retura  data  be  formatted  on  a range  cell-by-range  cell 
basis  from  each  of  the  eight  pvdses,  before  processing  by  an  FFT-8  or  DFT-8.  Thus, 
a memory  is  ref|uired  to  store  data  from  the  desired  number  of  range  cells,  for  each 
pulse.  This  memor>’  must  be  organized  to  simultaneously  output  data  for  a given 
range  cell  fur  each  of  the  eight  pulses.  Reduced  DFT-8  computation  rates  are 
achieved  by  using  a rotating  buffer  memoir’;  while  data  is  being  written  into  one 
memorv,  data  from  the  previous  riiversity  frequency  channel  burst  is  read  into  the 
DFT-8  processor.  Figure  4-17  shows  a block  diagram  of  an  analog  CCD  Doppler 
Processor  for  an  eight-pulse  burst. 
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P'igure4-17.  CCD  Dop()ler  Processor 
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Sovcral  C'C'l)  tO(.'hni<|U('s  arc  availat)lo  to  implement  the  rotatin^i  buffer  memorv  . 
Althou^  thi-  miitimum  nvimfier  of  range  cells  rei|uirefl  is  the  (TI)  rotating 

memories  will  f>e  designed  for  .'iH'!  range  cells  because  thc'v  come  in  12f<-cell  seg- 
ments. Total  storage  requirements  for  the  rotating  rnemorv  is  real  analog 

Words,  and  tnaximum  st<)rage  tinu'  is  appro.\imafel\’  7 ms.  This  provifles  dual 
storage  so  that  input  is  made  to  one  memor>’ while  the  other  is  output  to  the  OFT-t- 
for  I and  t^  signals  over  eight  interpulse  periods.  Oeneral  Electric  is  currently 
developing  a high-densitv  C'(T)  memory  that  will  be  compatible  with  the  (’('D  DI  'I-*-. 
A CCD  memon  , using  commercially  available  CCD's  (Reticon  1281.U  i is  sized  for 
the  rotating  matrix  memory.  A total  of  4S  CCD's  are  ra'fjuired  to  store  the  s I’uise 
Repetition  Intervals  (PRI'si,  284  range  cells  of  complex  (I,  t^i  fiata.  .A  dual-rnemon, 
of  twice  this  size  (i.e.  , 9b  Reticon  1281. R CCD'si  will  be  provided  so  that  data  is 
read  from  one  memon-  while  simultaneously  writing  into  the  other  memory.  Typical 
device  parameters  include  .aiiO-Ullz  bandwidth,  7d-dB  .SNR,  and  ta  pical  rettmtion 
time  of  f)  s. 

Input  analog  data  at  a oOO-kllz  rate  from  the  pulse  compression  filtc'r  is  multi- 
plexed, via  gated  clocks,  into  the  appropriate  CCD.  The  memor>-  is  configured  to 
read  out  on  Iti  lines  (81,  8(^1  at  a r)2.r)-kllz  ratt'. 

Eight  identical  boards  (7.7  in.  x 11  in.  ) each  board  containing  12  CCD's  and 
their  peripheral  equipnu'nt,  are  required.  The  control  logic  for  this  memort  i.s 
mounted  on  another  board.  .Approximately  (iVV  of  power  are  required  for  the  rotating 
12, 288-word  memory  capable  of  writing  into  onc'  half  of  the  memory  at  ;i  ofiO-kllz 
rate,  while  simultaneous  rearling  the  other  half  at  a Ci2..')-kHz  rate  (lb  parallel 
channels ). 
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MAC.Nn  i I)K  F.S'I  IMA  riuN,  (’(’D  NOHMALIZEU,  AND  DKUTAI.  [NTEHFACK 

ciHcrrrs 

Hack^iround  I'stimalion,  used  in  a normal i /.at ion  function  to  obtain  is 

performed  on  noppU'r  channels  one  throui^h  seven,  f ipire  4-18  illustratc^s  the  bloci: 
diaiji’iini  of  the  maifnitude  estimation  circuitr\',  CCI)  normalization,  and  diffital  data 
interface. 

FifTvire  4-19  illustrates  a maffnitnde  detection  circuit.  The  first  section  com- 
putes the  absolute  value  of  the  bipolar  1 .infl  Q channel  samples.  The  latter  portion 
estimates  the  magnitude  \ ia  (he  alj^orithm. 

MAG  = I 1.  I +7  I S 1 

uhere 

T.  = larf^est  (I,  sample 

S = smallest  (I,  sample 

A^ain,  low-powered  operational  amplifiers  and  comparators  arc  used  ex- 
clusively in  this  maijnitude  estimation  circuitry.  .Approximately  0.4  VV  are  required 
for  the  maiinitude  detectors. 

Gencral-puri)Ose  analog  squaring  circuits  were  also  consiflered  for  the  magni- 
tude estimation  circuitry.  However,  they  were  rejc'cted  on  the  basis  of  their  liniited 
dynamic  range  (approximately  24  flB)  flue  to  internally  generatcfl  noise,  as  well  as 
their  marginal  temperature  performance. 

finite  impulse  response  of  length  27  is  used  for  background  estimation.  The 
specific  impulse  response  implemented  is; 

i ^ 1 18 

M.  = ^ a.  .M..  (4- 

j 32  1 1,1 

i = -18 
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Fi^rure  4-1!).  Ma^cnitiulo  Drtection  Circuit 
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Thus,  the  backgi'ouncl  is  oinained  i>y  cstimntinfj  Ih  ran^e  cells  i)el’ore,  ami  K!  rantje 
cells  behind  the  test  cell  with  tw<'  range  colls  guard  band  on  either  side  of  the  test 
cell.  The  re<)uired  C'CT)  norinalizer  is  a simplified  version  of  a CCD  normalizer 
that  General  Electric  is  currentlv  building  for  an  infrared  sensor  application. 

Normalizer  output  circuits,  for  both  the  test  cell  and  background  channels,  have 
a S H circuit.  Thus,  all  channels  are  sampled  (strobc“d)  simultaneously  and  quantized 
by  an  .-X  I)  converter,  after  being  mult iple.xed  into  a single  tine.  The  remaining 
processing  o[X‘rations  of  noncoiierent  integration  over  the  four  8-puIs('  Inirst  outputs 
and  threshold  detection  are  performer!  in  the  rligital  data  processor. 


All  seven  normalizer  channels  plus  required  timing  and  control  circuitry  are 
conveniently  mounted  on  a single  board.  The  total  power  consumption  for  the  seven 
normalizer  system,  clocked  at  (i2..'i-kHz,  is  approximately  0.  .5  W. 

Digital  data  processor  interface  with  the  CCD  normalizer  rr>quires  a 1H:1  analog 
multiplexer,  f*  channels  for  signal  and  8 for  background,  toggled  at  a 1-MHz  rate. 
Since  all  normalizer  channel  S II  output  circuits  (test  cells  as  well  as  background 
average)  are  strobed  simultaneously;  channel-to-channel  time  jitter  is  minimized. 

A Harris  multiplexer  converts  the  10  analog  channels  to  four  200-kIlz  channels  and 
requires  only  120  mV\’  of  power.  Four  12-bit  Datel  ADC-N  A D converters,  requiring 
3.  .3  \V  each,  provides  the  digital  data  processor  interface. 


‘1-38 


d. 


l.()\S-l>n\\KU  illCH-KKl.IAKlUTY  ni-:SI{,N  SIMMAin 


l.ow-pouorod  C'('l)  sinniil  processors  are  extremely  reliable.  This  reliability, 
as  well  as  performance  monitorinj^  anfi  fault  location,  can  be  further  im|)rovefi  by 
desi^tnins  reflundant  systems.  Fi;j;ure  4-2<i  illustrates  a block  diagram  of  the  redun- 
dant CCD  signal  processor  for  the  Cnattended  Radar. 

Cnder  normal  conditions,  two  identical  CCD  PC  filters  process  alternate 
frequency  diversity  channels.  The  input  multiplexing  is  accomplished  by  gating- 
on  the  clocks  to  the  appropriate  CCD’s.  Each  CCD  PC  filter  outputs  are  stored  in 
a (1144  analog  word  CCD  memory  . After  proper  formatting,  the  eight  ()arallel  com- 
plex data  lines  from  the  matrix  memory  are  the  inputs  for  the  CCD  DFT-8. 

Magnitude  estimation,  normalization,  and  A D conv'ersion  follows  the  CCD  Doppler 
processor. 

In  the  event  that  either  a CCD  !>('  filter  and  or  a CCD  DF'1-8  fails,  the  control 
circuitry  will  route  the  data  without  any  (lerformance  degradation.  Failure  of  a 
complete  (1144  CCD  matrix  memory'  in  this  configuration  will  degrade  the  performance 
by  loss  of  half  of  the  diversity  channels.  However,  loss  of  any  row  of  the  CCD 
matrix  memory  (384  range  cells  from  a particular  PRI)  will  provide  a graceful  per- 
formance degradation. 

Table  4-3  summarizes  the  implementation  and  power  consumption  for  the 
CCD  signal  processor  for  the  Cnattended  Radar.  The  table  is  organized  on  a 
functional  basis  and  presents  1C  counts,  board  counts,  and  power  consumption.  The 
top  lines  for  each  function  represent  minima!  requirements  for  the  signal  processor. 
Ulierc  a|)propriate,  representative  numbers  for  the  redundant  CCD  signal  processor 
of  Figure  4-20  arc  tabulated  and  shown  within  parenthesis. 
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TABLE  4-3.  CCD  SIGNAL  PROCESSOR  IMPI.EMENTATION/l>fnVER  CONSCMPTION  SLMMARY 
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for  redundant  system  of  PT^ure  4-20 


f^ure  4-20.  Mo(]iin<i:int  (’('!)  Signal  I’rocessor 
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f). 

This  st‘ciion  iiu-ludc's  .sonu-  nf  the-  infornuit ion  }r:ith('ro(l  in  lh(‘  process  uf  evnl- 
uatin^;  the  alternative  desij>ns  that  were  rejected  The  alternative  desii^ns  for  the 
sipial  processor  include  a miemproc-essor  signal  (irocessinf!;  element,  a DI'T  Doppler 
processor,  and  a squarin^f  maniiilude  calculator. 

A block  diagram  of  tlu'  microproctes.sor  .si>jjial  processing  (dement  is  shown  in 
Figure  -1-21.  The  cornidex  multiplier  is  shown  in  Figurt'  -1-22.  It  was  added  because 
complex  multiplications  are  such  ;m  integral  part  of  signal  processing  that  it  is  logi- 
cal to  include  a hardwired  eom|)le\  multiplier  to  speed  up  program  execution  times. 
This  multiplier  could  multiply  two  complex  numbers  with  Ki-bit  real  and  imaginarv 
parts  in  2 ps,  which  is  ('quivalent  to  5 instruction  cycles  of  the  microprocessor.  The 
whole  signal  processing  element  would  he  put  on  two  boards  using  I("s  and  re- 
quiring about  17.  f)  \V.  It  was  dtdermined  that  at  least  lb  of  these  processing  elements 
would  b(‘  needed  to  handle  the  refjuired  data  rate  for  just  the  pulse  compression.  The 
total  power  required  using  these  elements  was  found  to  be  unacee[)tably  high. 

The  DF'l  Doppler  processor  is  shown  in  Figure  ‘1-211.  It  represents  a direct 
attempt  to  implement  the  DFT  liy  summing  the  results  of  the  complex  weighting  of  the 
input  data.  The  weights  are  stored  in  a FROM  and  could  include  any  additional 
weighting  for  sidelobe  supftres.sion.  Kach  of  these  processors  could  only  process 
one  Dop[)ler  channel,  thus  8 of  them  w(;uld  be  required  and  the  resulting  power 
requirements  (about  5ti  \^T  is  (‘xces.sive  compared  to  the  Doppler  processor  described 
previously. 

An  alternate  magnitude  calculator  is  shown  in  Figure  4-2-1.  It  calculates  the 
value  of  -M^  directly  by  s(|uaring  the  I and  (-i  inputs.  Fow  power  Schottky  is  used 
along  with  serial  arithmetic  to  do  the  multiplications.  More  power  is  consumed  by 
this  approach  than  the  FROM  table  lookup  approach  described  previously.  However, 
if  CMOS  serial  multiidiers  are  developed,  this  magnitude  calculator  would  be  the 
better  alternative. 


:iC>2  WORDS 
X 12  HITS 
SKRIAL 


S1X  TU)N  V 


DA  I'A  IMKX'KSSINC.  Sl'HSYSTKM  ItPX^l'lKHMKN’TS 

The  following;  sections  (iescrii)e  the  Data  Processing  Subsysteni  components  iind 
reciuirenients  for  the  I'nattended  Radar.  A summary  of  the  ov(,*rall  data  processing 
function  is  first  presented,  followed  l\v  a det;uled  discussion  of  each  of  the  primary 
functional  components. 

1.  SUMMARY  DKS(M{li> no.V 

The  Data  i’rocessing  Subsystem  for  the*  Unattended  Rad;u'  is  rt-sponsible  for 
all  system  control,  function  sclieduling,  postdetection  processing,  target  information 
proct.'ssing,  ;md  Perform:mce  Monitoring/Fault  Detection  l^ocation  tPM  and  FD^Li 
reporting.  The  major  Data  Processing  Subsystem  components,  ;md  their  relationship 
to  the  total  railar  system,  is  shown  in  Figure  5-1.  The  primary  control  and  data  flow 
paths  ;ire  also  indicated  on  this  figure. 

Kuch  period  of  system  operation  is  scheduled  ;md  configured  by  the  Data  Proces- 
sor ;md  Control  Suf)system.  For  each  perio<l  of  operation,  the  Data  Processor  .and 
Control  Subsystem  specifies  the  detailed  control  information,  including  the  transmit 
frequency,  detection  threshold,  array  steering  :md  weighting,  and  the  radar  mode 
ti.  e.  , raiiar  scan  nuKle  or  IFF  interrogation  mtxle).  This  control  inform;tlion  is 
passed  to  the  rtular  synchronizer  in  the  form  of  cixied  instructions,  which  when  exe- 
cuted, cause  the  required  timing  signals  :md  control  inform.'ilion  to  be  output  to  the 
array  control  subsystem,  the  signal  processor  subsystem  ;uid  the  IFF  data  processor. 
The  rafiar  synchronize r riecouples  the  time-critical  system  control  signals  from  the 
asynchronous  processing  and  reporting  of  radar  target  ;md  performance  information. 

Outputs  from  the  final  receiver  are  routed  to  either  the  signal  processor  or  the 
IFF  diita  controller  depending  on  the  radar  mode.  The  Unattended  Radar  incorporates 
an  integral  IF'F  capal)ility  for  the  purpose  of  identifying  targets  which  luive  been  detected 
via  their  skin  returns.  Individual  targets  are  interrogated  by  interrupting  the  normal 
radar  scan.  The  IFF  data  controller  accepts  the  final  receiver  video  outputs  prfxluced 
by  the  IFF  trimspond«*r  returns,  and  performs  the  pulse  detection  and  bracket  decoding 
functions.  The  IFF  data  controller  then  outputs  the  reply  cixle  corresponding  to  the  de- 
coded brackets  for  defrulting  and  correlation  with  the  interrogated  target  tracks  in  the 
D.ata  Processor. 
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In  the  nt'i'nuil  rud;u'  si-;u»  modv,  thi?  outpuls  from  lh«-  fimil  rec<iiv(-T  arc  roul(;f! 
to  the  si^^nal  proeessor.  The  sijjnal  processor  performs  pulse  com[)re,ssion  tintl 
Doppler  processing,  and  outpuls  the  magnitude  of  the  Dopplc-r  processor  outputs  to 
the  data  processor.  I'he  data  pi'oeessor  then  performs  the  postprocessing  functions 
re()uired  to  detect  target  returns,  initiates  :md  maintains  tracks  associated  with  the 
target  returns,  .and  outputs  the  target  track  reports  to  a remote  manned  site  via  the 
dat:i  link  controlhn-. 

The  Cnattimded  Kadar  .also  accepts  control  inputs  ;ind  operator  requests  from 
the  m:uaned  remote  site  via  the  data  link  controller. 

The  major  functional  m'xlules  of  the  D.ata  I’rricessing  Suhsy.stem  required  to 
perform  the  above  defined  tasks  arr  shown  in  Figure  .5-2.  The  (U-tailed  requirements 
for  each  of  these  functions  is  discussed  in  the  following  ptir.agrapths. 

'I'he  timing  and  storage  estimates  included  in  the  subs<!(|uent  iiaragraphs  were 
based  on  lower-level  design  flow  ctiarts  which  reflected  assembly  kinguage  coding  of 
the  envisioned  processes.  Multiplication  (15:1)  and  division  (,'12:1)  were  appropriately 
weighted  n-lative  to  the  loarKsiore  ;uad  add/subtract  instruction  classes  in  the  deriva- 
tion of  instruction  cycles.  Additional  efficiencies  can  be  gained  in  terms  of  memory 
reejuirements  and  processing  time  in  thi  actu.al  htirdware  implementation  via  the 
memory  access  architecture  as  described  in  the  subsequent  implementation  paragraph 
The  timing  ;uid  storage  budgets  establish  a baseline  to  enable  definition  of  an  appro- 
pritite  data  processor  architecture  ;ind  identification  of  those  real-time  software 
functions  which  must  be  optimi/ed  for  speed  by  microciKling  critical  sequences. 

2,  RADAR  DA  TA  INPUT  PKOf  KS.SOK 

The  Riuiar  Dtilti  Intntt  Ib’oces.sor  accepts  the  magnitude  outputs  produced  by  the 
signal  processor  following  Doppler  processing.  Background  estimates  prixluced  by 
the  moving  range  window  normalizer  in  the  signal  processor  are  also  input  to  the 
rtidar  data  input  processor  for  use  in  the  detection  thresholding  process. 

Two  c.andidate  processing  lineuiis  have  been  consulered  fia'  the  Radar  Data  Input 
Processor,  I’lie  first  processing  lineup  is  based  on  an  aligned  diversity  channel  ap- 
proach. The  diversity  frequencies  (four  freijuencies/radtir  dwell)  :uid  the  PRP  are 
chosen  such  that  all  Doppler  cluinnels  tilign  in  velocity,  permitting  noncoherent  inte- 
gration of  the  diversity  chtumels  without  prixluelng  a collapsing  loss.  Blind  speed  un- 
masking is  then  performed  utilizing  a different  set  of  diversity  frequencies  and  PRP's 
on  alternate  r.idar  scans. 


.5-.') 


I'iRurt;  r>-2.  I):ila  Processor  and  Control 


Tht'  sc*c'<>n<l  procrS'^in^  liti»’iip  is  I>iis*m1  f>n  iiii  uiKilipim*(i  fliv^M'sity  ch.'innol  iippronch, 
in  which  the  I'UI’  is  niiiinluincd  cunslnnt,  while  tour-frc(|iH-ncy  tiivt^rsily  is  utilized  on 
each  radar  dwell.  The  change  in  transmit  irec|uency  accomplishes  blind  spcerl  un- 
maskinR,  but  a collapsing  loss  is  now  sufferefl  when  noncoherent  integration  of  the 
foui'“divers it V channids  is  pertoi'med  due  to  nonalignment  of  the  Doppler  cluinnels  in 
velocity. 

The  above  two  configurations  were  . onsidered  to  gain  insight  into  the  loading 
imposed  on  the  ilata  processor  by  the  postprocessing  functions  in  order  to  establish 
;in  appropriate  intiu’faci*  between  the  signal  processor  :infl  the  data  proct;ssoi . An 
interface  further  back  into  the  signal  processor  was  deemed  inappropriate  due  to  the 
high  data  rate  .and  processing  loail  demands  on  ilata  processor  configuration,  com- 
pared to  alterntde  techni<)ues  available. 

a.  HAUAK  DATA  fNPt’T  l>lt<X’ l.'SSt»H  - AldCN'KD  SYSITAM 

The  aligned  system  processing  re(|uirement s ;ire  dict:ited  by  a four-frequency 
diversity  transmission  with  the  PHI’  for  eacli  pulse  gi'oup  at  one  frequency  varied  such 
that  the  Doppler  filter  channels  are  alii;ned  in  velocity.  The  ti'ansmit  waveform  con- 
sists of  a total  of  32-f.FM  pulses  of  12s-us  duration,  with  " pulses  transmitted  at  each 
of  four  frequencies  on  each  radar  dwell  in  a single  azimuth  position  (see  figure  5-31. 
Using  th(f  nomintil  PHP  of  0.  ' 5-  nis,  the  Do|)pler  processor  (!•  1 I -s)  generates  :ui  out- 
put e\t.‘ry  pulses,  or  every  ■'  ms.  Assuming  a complex  sampling  rate  of  aOO  kHz 
(2:1  oversampling  of  the  250-kllz  signal  bimdwidthl,  the  Doppler  processor  output  con- 
sists of  s-Doppler  samples  for  each  d 3(V2  range  bins,  i he  input  to  the  Kailar  Data 
Input  Processor  thus  c nsists  of  2M‘in -magnitude  samples  togi;ther  with  the  correspond- 
ing moving  window  normalizer  backgrouml  estimates  for  each  m.'ignitudt  sample  in 
each  t).  82  ms  period. 

The  imocessing  retiuirenuaits  lor  the  Haikir  Data  input  Processor  are  sliown 
in  Figure  5-1.  The  magnitude  samples  from  the  signal  processor  are  inimt  following 
Doppler  processing  for  each  diversity  chtinnel.  K.ach  rimge-Doppler  cell  is  then 
noncoherent ly  integratial  over  the  four-div<‘rsity  transmissions,  with  a running  sum- 
mation computed  followdng  each  doppler  processing  cycle.  The  zeeo-Doppler  cliin- 
nel  is  utilized  to  update  a clutter  m:ip  estinuile  for  use  in  the  detection  threshold 


logic.  A recursive  filter  is  utilized  to  update  the  clutter  map  estimate  for  each 
r;mge  bin  by  the  new  zero-Doppler  magnitude  estimate; 


j)  n Mfi.j)  ^ (1-a  ) d.j) 

where  i r;uige  bin  index 

j azimuth  posit  ion  15-1) 

a weighting  constant 

M = Magnitude  estimate  for  current  dwell 
CM  Clutter  Map  estimtite  for  rtmge  bin  i and  azimuth  beam  j 

Upon  completion  of  the  noncoherent  integration  of  the  four-diversitj’  channels 
and  the  update  of  the  clutter  map,  a thresholding  operation  is  performed  to  ascertain 
signals  of  sufficient  nuignitude  to  qualify  as  target  returns.  For  the  zero-Uoppler 
channel,  the  magnitude  samples  must  exceed  the  largest  of  the  thresholds  from  the 
clutter  map,  or  the  stoi-ed  const;int  threshold.  Process  throughput  is  enhanced  by 
utilizing  the  stored  const;ml  threshold  to  reduce  the  number  of  signal  returns  which 
must  be  tested  against  the  remaining  thresholds,  as  the  clutter  map  threshold  re- 
quires more  slower-rate  memory  accesses  than  the  stored  constant  threshold.  Kach 
data  point  which  successfully  passes  the  threshold  logic  is  flagged  in  moving  the  data 
to  a three-beam  store  for  subsequent  azimuth  estimation. 

Before  performing  azimuth  estimation,  peak  detection  in  range  and  azimuth 
is  performed.  The  local  mmxima  of  the  signals  which  have  been  flagged  as  having 
passed  the  detection  thresholds  are  isolated  by  testing  each  detection,  first  against 
the  pair  of  adjacent  rimge  returns  at  the  same  azimuth  and  Doppler  ;tnd  then  against 
the  adjacent  azimuth  returns  at  the  same  range  and  Doppler, 

Following  the  peak  detection  process,  all  those  data  points  which  remain  tagged 
as  valid  detections  are  passed  to  the  azimuth  estimation  algorithm.  A fine-grained 
azimuth  estimate  is  derived  utilizing  tlu;  magnitude  of  the  peak  detection  together  with 
the  hirgest  magnitude  return  in  one  of  the  two  adjacent  beams.  The  azimuth  estima- 
tion is  performed  with  :m  algorithm  of  the  form: 
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Mag (1)1  jj  f 
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An  indication  of  proccssiiifi  throughput  requirements  may  be  derived  by  con- 
sidering the  buffer  management  shown  in  Figure  5-5.  Storage  is  allocated  for  the 
m;g?nitude  samples  from  the  signal  processor  which  are  input  at  a rate  of  2895 
samples  every  5.  82  ms.  The  magnitude  samples  must  then  be  noncoherently  summed 
into  the  noncoherent  summation  buffers  following  completion  of  the  Doppler  processing 
for  each  diversity  channel.  Noncoherent  integration  is  not  performed  following  Dop- 
pler processing  of  the  first  diversity  clumnel,  but  instead  the  role  of  the  magnitude 
storage  buffers  and  the  noncoherenj  summation  buffer  are  simply  re^'^erserl.  Non- 
coherent integration  must  be  performed  within  0.  82  ms  to  avoid  loss  of  data.  Simi- 
larly, thresholding  must  be  c<-mpleted  within  13.54  ms,  to  avoid  loss  of  data  upon 
completion  of  Doppler  processing  of  the  second  diversity  channel  from  the  next  beam 
position.  The  peak  detection  ;md  azimuth  estimation  processing  can  be  smoothed 
over  the  entire  beani  dwell  period  (nominal  27.28  ms).  Storage  requirements  and 
processing  rates  are  summarized  in  Table  5-1. 

TAHLF  5-1.  RADAR  DATA  INPUT  PROCESSOR  LOADING  AND  STORAGE 
CPU  LOAD 

Pi’ocessing  Process  Retjuire  C vcle 
Instructions  Cycle  Time  (ms)  Time  (gs) 


Noncoherent  Integration 

20 

28, 965 

5.  82 

0.  235 

(Mutter  Map  Update  ;ind 
Threshold 

45 

35, 838 

13.  54 

0.  381 

Peak  Detection  and 
Azimuth  Estimation 

39 

14,535 

27.  28 

1.  85 

STC«AGE 

15  Bit  Words 

Magnitude  Store  2,895 

Noncoherent  Summation  2,895 

Hackground  Estimates  2,  895 

Background  Noncoherent  2,  895 

Sum 


Three  Beam  Store 
Clutter  Map 


8,588 

52,852 


P'igurf  .j-5.  H:i(lar  Data  Input  Processor  Buffer  Management  Aligneii  System 


The  major  ihroughput  ralt;  i equii'emoiit  for  th(5  assumed  buffer  management 
;ipproach  is  tin-  tioneoiierenl  integration  processing,  which  must  l>e  performed  at  a 
rate  of  0.  2313  ps  per  instruction  to  avoid  loss  of  data.  Wliile  these  cycle  times 
estaljlish  a minimum  processing  rate  to  avoid  loss  of  data,  the  total  process  load, 
including  the  other  data  proc-essing  rtajairements  must  be  consid<;red  to  determine 
total  throughput  requiremcmts.  Since  the  noncoherent  integration  process  must  be 
performed  three  times  during  a radar  dwell,  the  total  instructions  per  dwell  for  the 
Radar  Data  Input  Processor  c;ui  be  computed  as; 

Instructions /Dwell  = 3(28,  fKKi)  + 8878  <-  28,980  H I,  835  = 1.37(10)'^  (5-3j 

-3 

27  ) 

Process  Rale  = = = 0.  2 /ns/instruction  (5-4) 

1.  37(101'^ 

The  clutter  map  represents  the  singk;  largest  block  of  stor;tge,  with  the  re- 
quirement based  on  storage  of  a cluttt'r  estimate  for  each  r;inge  cell  (382)  at  each 
azimuth  position  (e.  g.  , 118  azimuth  positions  for  3°  beams  ;md  0.  82  packing  factor!. 

b.  RADAR  DATA  IXPl'T  PRttC'KSSOR  - PNALIGNKD  SYSTEM 

The  vmaUgned  system  processing  requirements  are  altered  from  those  of  the 
aligned  system  flue  to  the  tact  that  the  Doppler  filters  are  no  longer  aligned  in  veloc- 
ity. The  pulse  repetition  period  remains  cf)nst;int  for  each  diversity  ch;mnel,  so  that 
a target  will  appear  in  different  Dojipler  bin  positions  as  the  tr:msmit  frecjucncy  is 
varied,  in  ortler  to  i)erform  noncoherent  integration  of  the  four  diversity  clnmnels, 
Doppler  compression  via  a gre.atest  of  opeimtion  must  be  performed  in  e;ich  r;mge 
bin.  In  addition,  before  the  Doppler  compression  can  be  performed,  the  imignitude 
samples  must  be  normalized  by  the  moving  nmge-window'  normalize!'  background 
estimate.  Finally,  the  clutter  m;ip  must  be  updated  before  normalization  ;uid  non- 
coherent integratif)n,  and  thus  be  performed  four  times  per  rrular  dwell  period. 

The  revised  processing  lineup  is  show'n  in  Figure  5-8.  The  peak  detection 
;infl  azimuth  estim;ition  functions  I'eimiin  iflentic;il  to  those  of  the  previous  aligned 
system  configur:ition.  The  chitter  m;ip  U)Ml:ite  is  perfoim^t'd  on  the  input  magnitude 
samples  following  Doppler  processing  of  e:ich  diversity  ch:uinel.  The  noncoherent 
Integration  function  is  performed  following  Dopjjler  compression,  and  therefore 
opeiaates  on  8:1  fewer  cHls  tluui  previously. 
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P'iguro  5-G,  Radar  Data  Input  Processor  Unalipijied  System 


The  revised  pro<‘essint:  lo;i(i  and  stnraKt;  recjuirements  are  shown  in  Table  5-2. 
Proeessing  requireti  to  perform  the  Doppler  compression,  noncoherent  intef?i'ation  and 
clutter  map  update  are  ^Tou|>ed  togellier  for  etficiency  in  perfornont^  the  processing, 
Tw'o  loading  estintates  are  given,  wltich  are  d('j)endent  on  tlie  degree  of  preliminary 
thresholding  performed  on  the  incoming  nuignitude  samples  to  reduce  the  number  of 
points  which  must  be  normalized  Ivia  division)  by  the  background  estimates  from 
the  moving  r;uige-window  nornializer.  The  buffer  allocation  :ind  m;inagement  re- 
quired to  support  the  defined  processing  is  shown  in  Figure  5-7,  The  storage  re- 
(juirements  are  considerably  reduced  :is  a result  of  the  Doppler  compression  wliich 
produc<3S  a single  output  for  each  r.mge  bin  from  the  eiglit  Doppler  filter  outputs. 

An  estimate  of  the  total  number  of  instructions  per  dwell  which  must  be  pro- 
cessed for  the  unaligned  system  may  be  obtained  as: 

Instructions/Dwell  1(55,  !)*i5)  1^33  + 1DG5  = 2.28  (10  ) (5-5) 

or 

Process  Hate  = 27.  28(10  ^ )_  o.  1 19  ps /instruction  (5-0) 

2.  28(1())’’ 

Note  that  the  unaligned  system  reejuires  OOX  more  instructicins  per  dwell  than  the 
aligned  system. 

3.  RADAR  TAUGHT  PHOCDISSOR 

The  Rarhu'  Target  Processor  accepts  the  rletection  reports  output  by  the  radar 
data  input  processor,  ;md  utiliz<!S  the  reports  to  perform  track  initiation  ;uid  main- 
tentince.  The  functional  flow  of  the  Radar  T;irget  Processor  is  summtirized  in 
Figure  5-8. 

Detection  reports  received  at  the  input  to  the  Radar  Target  Processor  are  first 
tested  for  tissociation  with  existing  tracks  m the  track  table.  Data  association  with 
existing  tracks  is  performcfl  by  first  selecting  cruididate  (racks  which  are  within  *20 
Ix-amwidths  of  the  beam  position  corresponding  to  the  detection  report.  This  presort 
operation  allows  for  selection  of  tracks  which  are  flying  a path  tiuigential  to  the  radar 
at  the  maximum  speed  (i.  e, , Mach  ■}),  ;uid  which  havi:  not  associated  with  a detection 
report  for  an  elapsed  time  interval  of  3 radar  sciuis.  This  coars(>  azimuth  gate  size 
is  cf)nsistent  wdth  a one-out -of-three  track  maintemuice  criteria,  in  which  tracks  are 
maintained  in  the  track  table  if  data  association  is  achieved  at  least  once  every 
three  radar  scans. 


5-13 


Figure  5-7.  Kadrxr  Data  Input  Processor  Buffer  Man:igement 
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Figure  3-S.  Hadiir  Target  Processor 


Those  tracks  which  successiullv  pass  the  coarse  a/iimilh  gate  then  have  their 
coordinates  (radar  slant  range  imd  azinuitht  predicted  to  the  current  time  position. 
Track  range  is  then  tested  against  the  range  of  the  detection  report  utilizing  a fine 
r;mge  gate  consistent  with  track  accuracy.  One  of  three  range  gates  is  selected 
basi'd  on  the  number  of  successive  association  misses  that  have  been  exiierienced 
by  the  track.  Tor  a track  which  successfully  associates  in  rimge,  a fine  azimuth 
association  is  next  performed.  The  azimuth,  predicted  to  the  time  position  of  the 
detection  report,  is  compared  to  the  azimuth  i>osition  of  the  detection  re))ort  utilizing 
one  of  three  azimuth  gates,  selected  based  on  the  number  of  successive  missed 
associations,  and  scaled  by  the  target  range.  A track  which  successfully  associates 
with  a detection  rej)ort  has  its  coordinates  smoothed  with  the  coordinates  of  the  de- 
tection report,  and  the  track  status  (i.e. , hit  count)  is  u|)datcd  to  reflect  a success- 
ful association  (hit  count  3). 

Track  coordinate  smoothing  is  performed  utilizing  a digital  recursive  weighted 
least-s(iuares  filtei  based  on  the  Kalman  filter.  Range  and  azimuth  are  independently 
smoothed.  The  prediction  and  smoothing  ecjuations  for  the  range  coordinate  are 
summarized  in  Table  5-3.  An  adaptive  term  is  ap()lieil  to  uixlate  the  range-rate 
varimice  based  on  the  weighted  r;mge  error  residual  to  improve  filter  resj)onsiveness 
to  target  maneuvers.  The  azimuth  |)rcdiction  and  smoothing  equations  are  identical 
in  form. 

Follow'ing  the  track  association  and  smoothing  process,  tho.se  detection  reports 
which  do  not  successfully  associate  with  a track  are  utilized  to  u()datc  detection 
se(juences  which  have  not  qualilied  as  tracks,  or  used  to  initiate  a new  detection 
sequence. 

A one-out-of-four  criteria  (thiee-out-of-four  was  also  considered)  is  emidoyed 
to  qualify  a detection  sequence  as  a track.  l''oj  the  three-oiil-of-four  process,  a 
detection  seciuence  is  dropi)ed  from  the  detection  seciuencc  table  il  two  successive 
missed  associations  occur  after  initial  detection.  Detection  reijorts  which  do  not 
associate  with  tracks  are  next  tested  for  association  against  report  setjuenci’S  in  the 
i (Jetection  scfjuence  table.  Prt'diction  is  not  ix'rlormed  for  the  lit'tc'ction  seejuence'S, 

so  tliat  one  of  two  range;  association  gate's  is  first  sc'lected,  l^ast'd  on  the  numljer  of 
j misseel  associatie>ns  fe>r  the-  dedeetiejn  setjuenee.  For  a eietection  repoii-detection 

se()Uence  which  associate  in  r:uige,  one  ed  two  azimuth  gates  is  selected  and  scaled 
i)y  the  range  ot  the  eietection  report  to  enable  azimuth  association  to  be  performed. 
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Those  detection  seciuences  which  achieve  one  iiit  within  four  scjins  are  declared  to  be 
a tai'ftet  track.  The  available  hit.s  and  siibsequ».-nt  data  are  utilized  to  derive  an  es- 
timate of  track  range  rate  :ind  initialize  the  variances  of  the  Kalman  filter,  as  sum- 
marized in  Table  5-4  for  the  range  coordinates,  with  a corresponding  procedure 
in  azimuth. 

Those  detection  reports  wliich  do  not  associate  with  either  a track  or  a detec- 
tion sequence  an*  entered  in  the  detection  sequence  t.able  to  enable  subsequent  associa- 
tion with  detection  reports  on  following  scans. 

Following  association  processing  and  coordinate  smoothing,  the  status  of  all 
tracks  and  detection  sequences  is  updated  and  tested.  Track  detection  processing  is 
performed  once  for  each  complete  radar  scum.  The  hit  count  of  all  tracks  is  decre- 
mented by  one,  such  that  all  tracks  which  have  not  associated  with  a detection  report 
in  three  scans  achieve;  a hit  count  of  zero  and  are  dropped  frcjm  the  process.  Tracks 
which  are  droppcul  are  identified  to  the  track  report  processor  for  output  to  the  remote 
control  site. 

.■Ml  detection  sequences  are  also  tested  such  that  all  seriuenccs  with  ;m  ;ige  of 
4 scans,  or  a miss  count  ( comf)uted  an  the  difference  between  the  age  and  hit  count) 
of  2 tfor  3 out  of  4 criterion)  are  dropped  from  the  detection  sequence  table. 

Finally,  the  target  report  processor  is  activated  to  peritKlically  (nominally 
every  three  scums)  output  all  track  in  the  track  table. 

One  final  function  performed  by  the  Kadar  Target  Processor  is  to  output 
requests  to  the  radar  schc.ulule  to  geru;rate  li'F  interrogation  requests.  All  new 
tracks  are  interrogated  upon  becoming  an  establisheti  track  consistent  with  the 
ri!sponsive  li'F  mode  of  operation.  Subsequently,  if  the  iiatial  interrogation  is  un- 
successful, :m  additional  interrogation  reiiuest  is  sch<;duled  following  the  next  success- 
ful association  of  the  track  with  a detection  report.  If  neittu;r  of  the  two  interrogations 
is  successful,  (he  track  is  output  as  :ui  unknown,  via  the  tju'get  report  processor,  to 
alert  the  remote  site  control  operator (s)  to  the  inability  to  successfully  identify  the 
track.  'The  IFF  approach  is  further  discussed  in  the  following  section. 
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The  data  tables  re(|uired  to  saptxjrt  the  trac'king  |)roeess  are  shown  in  Tal 

The  sizing  reciui rements  are  based  on  an  assumption  of  a maximum  of  five  di-te 

reports  t>*r  beam.  'I'he  traek  tat)Ie  pi'ovides  for  a maximum  of  10-noise  tracks 

20-valid  targets,  with  th(‘  fleteetion  sequence  table  allotti-d  sjiace  for  10  s(>quen( 

These  allocations  are  conservative  in  light  of  the  false  alarm  probabilities  (i.e 
-4  -() 

10  to  10  f^er  resolution  cell)  and  track  load  requinment  (i.e..  20  tracks  ir 
coverage  at  any  one  time). 

The  lota!  firocessing  load  and  storage  requirements  for  the  Radar  Target 
cessor  is  summarized  in  Table  r>-0.  The  processing  load  is  expressed  in  term 
the  total  number  of  instruction  cycle's  for  a I-s  scan,  assuming  20  targets  trac 
detections  along  with  .")-noise  detections  over  the  4-s  scan.  It  is  also  extiressei 
the  number  of  instruction  cycU's  which  must  be  executed  to  firocess  a single  del 
report  in  a beam  assuming  a total  of  20  tracks  in  the  coverage.  Assuming  a cy 
time  of  0..')  gs  for  Ihi'  processor,  the  track  ()rocessing  would  require  onlv  0.7!) 
out  of  the  27. 2H  ms/dwell. 
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Track  Table 

W'onl  Size  (Bits) 

• Radar  Coorriinatcs 

Smoothed  Slant  Kan^fc  1(> 

Smoothed  Ran^e  Rate  TO 

Time  of  Last  Smoothing;  10 

Smoothed  A/.inuith  TO 

Smoothi'd  A/imuth  Rati'  TO 

• Track  Status 

Bit  Count  2 

IKK  \'en ficat ion  Status  .‘i 

IKK  Verification  Time  10 

KAA  Idi'ntification  12 

'l  ai'fiet  Klevation  12 

Verification  Hanfje  TO 

Verification  Azimuth  10 

• Smoothing  Kilter  Coefficients 

Variance  of  Azimuth  10 

Variance  of  Azimuth  Rate  10 

Variance  of  RitnKe  10 

Variance  of  Range  Rate  10 

Convariance  of  Range  - Range  Rate  10 

Covariance  of  Azimuth  - 
Azimuth  Rate  10 

• Storage  Required  - .SO  I'racks 

10  Words/Track 
480  Words 

Detection  Reports 

Measured  Range  10 

Measured  Azimuth  10 

Detection  Report  Time  10 

Storage  Required  - 5 Detection  Reports/Beam 

S Words/nit 

1.0  Words 


TAHl.K  5-').  rUACK  DA  TA  BASK  (('nnU 


Detection  Sec|iK'ru.t‘  I'uhlf 


Detection  Hit  Count 
Detection  Sequence  Afje 
Initinl  Detection  Range 
Initial  Detection  A/innith 
Initial  Detection  rime 
I asl  Measured  Range 
I.ast  Measureci  A/imuth 
Last  Detection  I inie 


Word  Size 

2 

2 

10 

12 

10 

10 

12 

10 


Storage  Required  - 10  Detection  Sequences 

(i  Words /Detection  Sequence 
;h;  Words 


TABLK  r>-0.  PROCKSS  IX)AD  AND  STORAGE  R EQl’IREMKNTS  FOR 
RADAR  TARtiKT  PROCESSOR 


Instruction  Storage  l(i  Bit  Words 


Data  Association 

Smcw)thing/ Prediction  212 

Detection  Sequenei'  IToeessing  IIIO 

Detection  Proeessing/Reporting 


Total  Instructions  481 

Data  Storage  !(>  Bit  Words 


Track  Table  480 

Detection  Reports  la 

Detection  Sequence  Table  Ibl 

Total  Data  Storage  •'’I'l 

Processing  I,oa<l 

Instructions/Sean  28,240 

(20  Tracks  and  a Noise  Detections  over 
4-s  scan) 

Instruct  ions/Dwel  I l.^OO 

(20  Tracks  with  1 Detection  Report 
in  27.28-ms  dmdl) 
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IFF  DA  TA  C'ON  [ Ur>l.LFli  AND  DATA  PllOCFSSOK 


The  IFF  suhsvsUmi  for  tho  I naltondecI  Radar  is  utilized  to  identify  friendlv  tar- 
gets via  transponder  interrogation  to  obtain.  Federal  Aviation  Administration  (I'AA) 
assigned  identification  numbers  and/or  aircraft  height  information.  A summarv  of  the 
IFF  requirements  is  shown  in  Table  fi-?.  Interrogation  (i.e.,  initiation  of  a trans- 
ponder return)  of  an  aircraft  consists  of  transmitting  two  interrogation  pulses.  'I'he 
time  relationshij)  l)etween  leading  edges  of  the  interrogator  pulses  determines  the 
mode  in  which  the  aircarft  will  replv. 

The  FA.^  has  rigidly  defined  modes  1 , 2,  3/A,  H,  C.  I)  and  4 with  respc^ct  to  the 
interrogator  pulse  width,  interrogator  pulse  spacing,  and  the  type  of  data  in  the  air- 
craft reply.  Fverv  interrogation,  with  the  exception  of  Mode  4.  prfxluces  the  general 
transjxjnder  reply  code  fom'at  shown  in  Figure  f)-!)  regardless  of  interrogation  mode. 
However,  depending  on  the  inti' rrogation  mixle  and  response,  not  all  bit  positions  are 
filled.  Mode  4 is  a classified  transmission  and  reply  which  requires  transmission 
and  reception  of  an  encrvptcfl  modulation.  Sampling  of  the  liit  positions  between  the 
framing  pulses.  F^  and  F^,  permits  extraction  of  certain  information,  such  as  target 
elevation  and  FAA  identification  number.  Range  information  is  derived  by  a timing 
measurement  of  the  F^  indse  with  res(XiCt  to  the  interrogation  pulse  transmission 
plus  a built-in  transj)onder  delav . 

Development  of  the  IFF  ap(>roach  has  been  sui)ported  by  General  Fleet ric's 
internal  development  efforts  on  the  (iF  o!»2  Air  Defense  Itadar  .System  program, 
which  addressed  the  desire  to  reduce  cost  and  power  consumption  200  \V)  associ- 
ated with  OV  "hang-on"  equipment. 

The  total  IFF  j)rocess  is  functionally  represented  in  Figure  .1-10.  A program- 
med interrogation  sequence  of  four  interrogations  will  be  initiated  by  the  radar  track 
processor  upf>n  initiating  a new  radar  track.  If  the  initial  interrogation  sequence 
is  unsuccessful,  one  additional  attemi>t  to  automatically  interrogate  the  target  will 
be  performed  upon  sensing  a subsequent  detection  report  association  with  the  target 
track  in  the  radar  track  processor.  If  neither  attempt  is  successful,  the  target  will 
be  reported  to  the  remote  control  site  as  an  unknown  requiring  operator  attention. 
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•I-ABI-H  5-7.  INTEGRA  I Kl)  IFF  MARK  X SYS'l'EM  PERFORMANCE 
• Interrojratioti  Cp.paEil 


Frequcncv 

10;i0  0.2  MHz 

Polarization 

Vertical 

Mf)(ic‘s  Dosiixnation 

Modes  1,  2,  3/ A,  C 

PLxpansion  Capahilit\ 

Mode  4 

lnterrop;alion  Mixlfs 

• 

I*uls(.‘-pair  (P  P.^)  s(»acinp 

Modi'  1 (Militarv) 

3 0.1  ps 

Mode  2 (Militarv) 

5 0.2  ps 

Mode  (Ci'rnTr.'Hi  identifs  i 

s 0.2  ps 

Mode  R (Civil) 

17  • 0.2  ps 

Mode  C (Coniiiion  altitude) 

21  0.2  ps 

Mode  1)  (Civil)  spare  mode 

25  0.2  ps 

Pulse  width 

0. ''  0.1  ps 

ISI.S  pulse  (P^i 

2 0.  15  ps  following  PI 

on  each  mode 

Typical  PRF 

:U)0-400 

Target  Intern^gations  Per  Hearn  Position 

4 

Principle  Interrogation  Mode/Duty  Factor 

M/A,  C-2:2 

• Militarv  Mode  1 Interrogation 

.m/a,  1-2:2 

• Militarv  .Mixle  2 Interrogation 

MM,  2-2:2 

Response  Capability 

Frequenev 

1090  i 0.2  MHz 

Emergencv  Response 

Mode  1,  2.  .M/A 

• Military  ETnergeney 

• Civil  Emergencv  C<xle  7700  and 

Mode  1.  2,  M/A 

Radio  Failure  Ccxle  7000 
• Expected  4 in  a row  Emergencies/ 

Mode  M/A 

Intc'rrogation 

- 1 

Target  Density  Per  Ream  (max.) 

s 

Target  Density  Per  Sweep 

20 

Target  Max.  Range 

(!0  nmi 
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Figure  r)-9.  IFF  Transponfler  Return 


SCHFDULKD  B5367 


Figure  u-lO.  IFF  Funetional  Block  Oiagran’  of  IFF  Processing 


riif  projirainnicd  mtorrof^ation  sequence  consists  oi  two  interrofrations  in 
Mode  3A  (l-'AA  identifii-a* ion)  and  two  interrojiations  in  Mode  .'5C'  (elevation  request) 
with  the  returns  fri)m  each  nuKle  compared  to  confirm  response  validity.  The  remote 
site  otK'rator  mav  alternateh  la-quest  a IS’ilitarv  Mode  1 interrogation,  consisting  of 
two  Mode  .‘5A  interrogations  and  two  Mcxie  1 inttmrogat ions  or  a Militarv  Mode  2 
sequence  consisting  of  two  Mode  ;iA  interrogations  and  two  Mtxle  2 interrogations. 

While  provision  for  Mode  4 is  included  via  transfer  of  the  modulation  cfxle  from  the  re- 
mote site  to  the  unattended  radar,  and  transmission  of  the  reply  code  back  to  the 
remote  site  via  the  data  link,  the  detailed  processing  requirements  are  not  included 
in  t he  subsequent  IFF  [irocessing  description. 

The  overall  IFF  function  of  Figure  .3-10  is  an  integral  part  of  the  fnattended 
Radar  configuration.  The  IFF  transmission  is  schedulcfl  via  the  radar  schedular  with 
an  appropriate  request  to  the  radar  synchronizer.  The  radar  synchronizer  generates 
the  required  timing  signals  to  the  array  data  controller,  the  HF  exciter  subsystem 
and  the  final  receiver  subsystem.  Finallv,  the  IFF  returns  are  passed  from  the 
final  receiver  subsystem  to  the  IFF  data  controller  and  IFF  data  processor. 

The  IFF  flata  controller  winsists  of  a half-amplitude  detectoT'  and  the  reph 

detection  unit  as  shown  in  Figure  3-11.  Ihe  Half-Amplitude  Detector  accepts  the 

IFF  log  video  from  the  final  receiver  subsystem  and  shapes  the  leading  and  trailing 

. .2 

edges  of  the  video  signal  to  generate  a Transistor-to- Transistor  I/igic  (T  I.)  com- 
pjitible  pulse.  This  output  appears  when  the  signal  amplitude  exceeds  the  30'^7  points 
of  the  video  pulse.  A pulse  width  discriminator  in  casc-ade  with  the  detecdor  further 
reduces  spurious  noise  triggering  by  eliminating  pulses  which  do  not  exceed  the 
minimum  width  requirement. 

The  reply  detection  unit  then  accepts  the  output  of  the  half-amplitude  detector 
to  determine  the  existence  of  a pair  of  bracket  pulses  (i.e. , framing  pulses  spaced 
20..')  ps).  Upon  meeting  the  20.3  ps  pulse  s|)acing  criterion  for  a bracket  decode, 
the  intervening  bit  cfnle  (maximum  of  1.3  bits)  is  f)utputted  to  the  IFF  detection  buffer 
as  a target  detection  for  subsequent  processing  by  the  IFF  data  processor.  Range 
Is  determined  from  a range  counter  at  the  time  of  the  bracket  dectnle.  All  bracket 
decodes,  including  phantom  (ambiguous)brackets  created  due  to  closely  spaced  targets 
(less  than  .3  nmi),  are  output  to  the  IFF  detection  buffer.  The  IFF  data  controller 
function  is  implemented  in  s)x*cial -purpose  digital  hardware,  as  described  in  a 
subsequent  paragrai)h. 
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I).  UK  PLY  I)K  I’LCTION  UNI  T 


Kinufc  - 1 1 . II- F Data  ('onl rolU'j' 
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For  the  assumed  target  deiisitv  (i.e..  maxnmim  of  s tarptots  which  repiv  to  an 
interrogation),  an  Il'I''  Detection  lUiffer  of  ,'52  v^■ords  l)y  Di  liits  is  allocated.  Note  that 
two-closely  spaced  targets  (i.e.,  less  th;tn  ,1-nmi  spacing)  can  generate  in  excess  if 
24-false  bracket  decodes  as  the  framing  pulses  are  indistinguishable  from  the  infor- 
mation bits . 

I'he  remaining  IFF  processing'  is  performed  in  tlie  II'F  fiata  processor  as  pari 
of  the  data  processor  and  control  subsystem,  and  time-shares  the  basic  processor 
elements  normally  emi)loyed  in  processing  radar  skin  returns  and  target  detections. 
Note,  however,  that  while  the  IFF  data  processor  creates  program  storage  require 
ments  for  the  data  processor  design,  no  computational  burden  is  im|)oscd  b\  the  IFF 
data  processor  as  the  noimal  radar  scan  mexie  is  interrupted  during  IFF  interroga- 
tion, such  that  processing  of  radar  skin  returns  is  not  simultaneouslv  required. 

The  IFF  Data  Processor  is  shown  in  Figure  5-12.  The  IFl'  data  processor 
perfomis  the  functions  identified  as  defruiting  ;ind  radar/lF  target  correlation  as 
shown  in  the  functional  block  diagram  of  Figure  .I-IO.  The  IFF  data  processor  first 
(X'rforms  bracket  decode  validation  by  ensuring  that  successive  bracket  decodes  do 
not  overlap  in  time  (i.e.,  the  range  of  successive  bracket  decodes  is  greater  than 
20.. '5  gs).  Before  passing  nonoverlapping  bracket  deccxles  as  a \alid  IFF  detection 
a test  must  be  iierformed  for  a four -in-a-row  emergency  return.  A four-in-a-row 
emergency  is  declared  when  ;i  target  existing  at  a range  R generates  repetitive  trans- 
fxinder  outputs  which  firfxluce  bracket  decodes  at  H,  R -*  R^,  R ^ 2R,j  and  R * R^, 
where  R^  and  R^  are  fixed  time  delays  or  radar  ranges.  Thus,  whenever  a bracket 
dec(Kle  exists  at  a given  range  and  three  fixed  subsequent  ranges,  a four-in-a-row 
emergency  flag  is  set  in  the  IFF  Detection  Buffer  for  the  IFF  detection  at  run'^e  H. 

The  emergency  bit  is  subsequently  reportexi  via  the  data  link  to  the  remote  control 
site  along  with  the  target  data. 

In  addition  to  the  four-in-a-row  emergency,  an  emergency  can  also  be  reported 
via  the  normal  IFF  information  code  returns  for  any  interrogation  mode  as  well.  In 
this  case,  the  emergency  codes  (i.e.,  7(i00  or  7700  in  the  infom’ation  bits)  within 
the  brackets  do  not  set  the  emergency  flag,  but  are  reported  as  valid  response  codes 
in  (tlacc  of  the  normal  elevation  or  FAA  idenfication. 
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Fieure  5-12.  IFf’  Data  Processor 


The  I FI'  Data  Processor  next  determines  if  a garbled  signal  c’ondition  exist.s. 

If  two  bracket  decodes  occur  within  a 20. period,  garble  is  suspected.  To  resolve 
a probable  garble  condition,  the  IFF  Data  Ib"ocessor  determine  if: 

• The  brackets  occur  on  the  same  pulse  centers 

• The  second  bracket  decode  is  part  of  a closely  spaced  target 

• The  bracket  tlecode  is  [>art  of  an  overlapping  target,  or 

• The  bracket  decsxie  is  part  of  three  overlapping  targets. 

Garbled  targets  are  flagged  to  inhibit  subsequent  track  data  association  with  the 
garbled  returns. 

Finallv.  those  bracket  decodes  which  are  validated  art'  output  as  IFF  detection 
reports.  Data  association  of  the  coordinates  of  the  target(s)  interrogated  for  the 
current  IFF  request  is  then  performed  by  testing  the  range  of  the  IFF  detection  re- 
ports against  the  range  of  the  interrogated  targets. 

The  process  load  and  storage  requirements  for  the  IFF  data  processor  function 
is  summarized  in  fable  o-S.  Since  the  maximum  interrogation  rate  is  400  pulses/s, 
for  the  programmed  sequence  of  four  interrogations  approximately  10-12  ms  of 
radar  scan  time  would  be  required  to  perform  the  IFF  interrogation  function  for 
each  target,  as  conqiared  to  the  nominal  radar  dwell  time  of  27. 2S  ms.  Since  the 
total  instructions  which  must  be  executed  over  the  10  ms  (i.e.,  4o9.5  instructions 
per  programmed  IFF  request  sequence)  exclusive  of  the  synchronizer,  represent  only 
2.:t  ms  of  processor  time  for  a 0.5  ps  processor  cycle  time,  PM/FI.  functions  could 
be  overlapped  with  the  IFF  processing  function. 

.0  . RADAR  CONTROL  PHOCFSSOR/SYNCIIRONI/ FU 

The  Radar  Control  Ihrocessor  accepts  requests  from  the  radar  scheduler  to 
generate  the  control  data  and  timing  signals  for  operation  of  the  radar.  The  Radar 
Control  I’rocessor  generates  the  lieam  steering  and  transmit  module  amplitude  con- 
trol commands  for  the  arrav  control  subsystem.  Control  signals  are  generated  for 
the  RF  exciter  subsystem  to  define  the  transmit  frequency  for  each  transmission  and 
the  pulse  repetition  schedule  and  range  gate  control  for  both  the  normal  radar  scan 
m<xie  and  the  IFF  interrogation  mode.  The  Radar  Control  l*rocessor  also  generates 
the  range  start  and  range  end  controls  to  the  signal  processor  subsystem  together 
with  the  detection  threshold  constant.  Finally,  test  mode  control  signals  are  output 
to  the  rf  exciter  to  enable  injection  of  test  signals  to  the  final  receiver  in  supfKirt 
of  pm/ FT  functions. 
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TAHLK  f)-s. 


I'UOCKSS  LOAD  ANM)  STORAGL  RKQIURLMENTS 
I'OR  IFF  DA'I'A  PFR)CFSSOR 


Instnictioii  Storat^e 


K;  Hit  Words 


Bracket  Decode  Delermination 
Potential  Fme^^^encv  Test 
Potential  OarbU'  Test 
IPO’  Detection  Input  and  I'lidate 
IFF  Detection  Output  and  Correlation 
Total  Instructions 


2S 

■Pi 

2S 

W 

‘11 

Ikl)  Instructions 


Data  Storage  li>  Hit  Words 


Il’I'  Reph-  Store  '12 

IFF  Detection  Store 

Total  Stora^^e  Words 


Instruction  Cycles/ 

Process ini^  Ixaad  IP  F Request 


Bracket  Decocle  Determination  4S0 

Potential  Pimer^^ency  Test  1115 

Potential  Garble  Test  2400 

IFF  Detection  Input  and  Update  540 

IFF  Detection  Output  and  Correlation  ^^0 

Total  Instruction  Cycles/Request  4595 


Actual  transmission  of  the  realHime  radar  control  and  timing  signals  is  de- 
coupled from  the  Data  IT-ocessint;  Subsystem  via  the  radar  synchronizer.  The  Radar 
Control  Processor  generates  the  control  instructions  by  accessing  preprogrammed 
instruction  templates  for  computat ion  of  element  steering  commands  based  on  beam 
[K)sition.  Subfields  of  the  instructions  define  the  key  events  which  must  take  place  on 
the  parameter  values  to  be  utilized  for  each  PRP.  The  times  at  which  these  instruc- 
ticjns  are  to  l>e  executed  are  controlled  by  a time  tag  subfield.  P'ollowing  generation 
of  the  appropriate  control  template  by  the  Radar  Control  Processor  in  resix>nse  to  the 
radar  schedular  request,  the  control  instruction  blocks  are  placed  in  an  output  queue 
for  processing  by  the  synchronizer,  where  they  are  accessed  in  a P’irst-In-First-Out 
(FIF(F)  manner,  'The  radar  synchronizer  compares  the  time  tag  to  the  radar  time 
count.  On  compare,  the  timing  strobes  required  to  transfer  the  control  data  to  the 
designated  sulisvstem  controllers  are  generated.  The  exe<aition  of  PRP  type  instruc- 
tions resets  the  rad.ar  lime  co\int,  thus  referencing  all  nnKlifying  and  supplemental 
instructions  to  the  beginning  of  the  PRP  in  which  they  occur. 


The  above  concept  of  operation  is  important  because  it  enables  a prof^rammable 
radar  svstem  oiieration.  Anv  realizable  set  of  operations  can  be  created  within  a 
waveform  perifxi  and  anv  mixture  of  periods  can  l)0  scheduled.  I'he  data  processint? 
subsvstem  is  effectiveh  divorced  from  hitjh-speed.  real-time  operational  constraints, 
and  the  intricacv  of  radar  timinfi  and  control  is  removed  as  an  influence  on  soffu-are 
dt'velopment  and  maintenance. 

The  primary  Radar  Control  Processor/Synchronizer  requirements  are  sum- 
marized in  Table  5-9.  The  primary  processing  load  on  the  Radar  Control  I-h’ocessor 
IS  the  comiHitation  and  output  of  the  array  steering  and  i^hase/amplitude  controls. 

I wo  forms  of  arrav  control  were  considered  in  order  to  estimate  the  processing  load 
associated  with  the  Radar  Control  Processor.  These  alternate  approaches  are  con- 
sidered in  the  next  two  sections.  The  following  discussion  is  developed  in  the  context 
of  a 1.5°  azimuth  beamw  idth  system.  For  the  3°  design,  the  array  size  is  halved  and 
array-related  components  reduced  correspondingly  (e.  g.  , 128  columns  rather  than 
25t;i. 

a.  MATIUX  SWITCIIFI)  CY LINDRICA 1.  ARRAY 

The  Matrix  Switched  Cvlindrical  Array  considered  consists  of  25(i  columns,  of 
which  •i'l  are  active  for  each  radar  dwell.  Sector  select  switches  (G4  switches)  con- 
nected to  4-columns  each,  select  l-of-the-4  columns  corresponding  to  the  illuminated 
beam  |xisition.  'The  aiipropriate  time  delays  for  each  of  the  T)4  columns  are  selected 
via  a ()4-way  matrix  switch.  'The  functional  blocks  are  summarized  in  Figure  5-1.3. 

For  the  matrix  switch  array,  the  phasing  of  the  elements  is  accomplished  bv 
selection  of  f>4  delav  lines  bv  the  matrix  switch,  so  that  the  matrix  switch  commands 
are  indeT>endent  of  fnaiuency.  The  matrix  switch  consists  of  li  levels  of  switching 
with  .'12  diode  switches  at  each  level.  Due  to  svmmetrv  and  switching  characteristics. 
G4  bits  are  required  to  define  the  switch  settings.  The  Radar  Control  Processor 
must  compute  the  matrix  switch  commands  only  once  for  each  radar  dwell  (2H.27  ms), 
due  to  the  frequency  indepenflence  of  the  switch  settings  and  then  has  a complete  radar 
dwell  time  in  which  to  comfuite  the  switch  settings  for  the  next  dwell.  The  matrix 
switch  settings,  as  well  as  the  sector  select  switch  commands,  arc  computed  based 
on  beam  number  to  allow  for  arbitrary  positioning  of  the  beam  in  support  of  an  IFF 
interrogation  request  followi'd  by  a subsequent  re-positioning  of  the  beam  to  continue 
the  normal  ntdar  scan.  Note  that  provision  for  a separate  omni-directional  trans- 
mission is  included  to  en.able  transmission  of  the  .Sidelobe  .Suppression  fSDS)  pulse 
for  the  IFF  mtxle. 
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I'LNCTIONS  NORMAL  RADAR  SCAN 


Timing 

Control  Command 

Destinat  ion 

Each  PI^R 

(0.  ''f)2  ms  to  tt.  !)!(> 

ms) 

Main  Hanfi/Transmit 
PllISC' 

Exciter /Waveform 
Oen  Array  I'/R 
Mfxlule 

Ranjic  Counter  Start, 
End,  PRP 

Sifrnal  Processor 

Evorv  s PR  P's 
(() . 81 1)  ms  to  7 . ;i2s 

ms) 

Frequency  Select 
(Diversity  Step) 

Exciter/Waveform  Gen 

Array  Phase  Control 
(Array  - Hit  Steered) 

Array  'I'/R  Module 
Array  Sector  Select 

Everv  32  PRP's 
(28.27  ms) 

Array  Steering  Com- 
mand (Matrix  Steered) 

Array  Switch  Matrix 
Array  Sector  Select 

Array  Amplitude  Con- 
trol (Transmit/Receive) 

Array  T/R  Modules 

Detection  Threshold 

Signal  I^ocessor 

Radar /iff  Mode 
Control 

Exciter/Waveform  Gen 
Receiver 

Figure  5-13.  Matrix-Switched  Cylindrical  Array 


Independent  amplitude  weights  for  transmit  and  receive  are  also  assumed.  The 
amplitude  \veif>;hts  an-  selected  from  a stored  arrav  and  routed  to  the  appropriate  T/K 
mixlule  l)v  the  radar  s\ lu  hroni/.er  based  on  the  respective  element  position  relative 
to  the  beam  jiosition  as  com[)uted  b\  the  radar  control  processor.  As  with  the  matrix 
switch  settin>:n,  the  amiditude  weights  are  inde()endent  of  frequence  such  that  the 
routinjj  of  the  weights  is  computed  only  once  for  each  radar  dwell. 

The  processor  load  and  storage  requirements  are  summarized  in  Table  .o-lO. 
Note  that  the  computational  load  (i.e..  llii-1  instructions  per  dwell)  associated  with 
generation  of  the  reciuired  drivi*  tables  for  the  steerinf^  and  amplitude  weights  would 
require  onlv  0..1S2  ms  out  of  the  28.27  ms  per  dwell  for  a 0.3  ps  processor 
cvcle  time. 

b.  DKLAY-BIT  STHKRKI)  CYTINDRICA  I.  ARRAY 

The  Oelav-Bit  .Steered  Cylindrical  Array  considered  consists  of  25<)  columns, 
of  which  04  are  active  for  each  radar  dwell.  Sector  select  switches  (04  switches 
connected  to  4 -columns  each)  select  l-of-4  columns  corresixjnding  to  the  illuminated 
beam  position.  The  above  requirements  are  identical  to  the  matrix-steered  cylindri- 
cal array  configuration.  The  functional  components  of  the  delay-l)it  steered  approach 
are  shown  in  Figure  3-14.  For  the  delay-l)it  steered  approach,  the  phase  control 
must  be  provided  to  each  l /R  module  in  addition  to  the  transmit  and  receive  ampli- 
tude controls.  While  the  amplitude  controls  are  independent  of  frequency,  the  phase 
controls  are  frequenev  flepenrlent,  and  a new  set  of  phase  controls  is  required  even’ 
eight  PRP's  corresjK)nding  to  the  frequency  stepping  for  each  diversity  transmission. 
The  radar  control  processor  must  thus  construct  a drive  table  with  a new  set  of  phase 
weights  nominally  everv  (>.h2  ms. 

The  phase  and  amplitude  weights  for  each  T/R  module  are  accessed  from 
stored  drive  tables  to  construct  an  active  drive  table  for  output  to  the  synchronizer. 
The  stored  drive  tables  must  include  the  appropriate  phase  controls  for  up  to  eight 
different  normal  mode  radar  transmission  frequencies,  plus  one  additional  set  for 
the  IFF  transmission  and  reception.  The  stored  and  active  drive  table  organization 
is  summarized  in  Figure  3-13,  where  symmetry  is  utilized  to  reduce  the  stored  drive 
tables,  while  the  active  drive  tables  are  sized  for  direct  correspondence  to  the  T/R 
modules.  The  active  drive  table  is  organized  to  directly  control  each  of  (14  elements, 
together  with  providing  the  sector  select  code  to  select  the  appropriate  element 
for  the  active  quadrant. 
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MA  TRIX  STEERFD  CYLINDRICAL  ARRAY 


Instruction  Storatio 

Steering  Matrix  Switch  Setting; 
Amplitude  Wcught  Access 
Element  Sector  Select 
Total  Instructions 


Ki-Rit  Words 

no 

10 

1() 

L‘5() 


Data  Storage 

Stored  Amplitude  Weights 
Active  Drive  Tables  (and  Weights) 
Steering  Matrix  Drive  Table 
I'otal  Data  Storage 


:i2 

04 

4 

100 


Processing  Ix)ad 

Steering  Matrix  Switch  Settings 
Element  Sector  Select 
Amplitude  Weight  Access 
Total  Instructions/Dwell 


Instruction/Dwell 

80 

700 

:184 

1104 


Figure  5-14.  Delay-Bit  Steered  Cylindrical  .Array 


Figure  5-15.  Delay  Bit  Steered  Drive  Table  Definition 


The  processor  lo;ul  and  stora^^e  requirements  are  summarized  in  Table  5-11. 
Note  that  the  computational  load  'i.e.,  5500  instructions  per  dwell)  has  increased 
approximately  5:1  oviT  that  required  for  the  matrix  steered  configuration.  'I'his  is 
primarily  due  to  the  requirement  for  generation  of  new  phase  control  words  for  each 
frequency  changi*  associated  with  the  four-frequency  diversity  waveforms.  Again, 
assuming  a 0.5  ps  cvcle  time,  approximately  1.05  ms/dwell  (27.2fi  ms)  is  required 
to  compute  the  drive  tables  for  the  delay-bit  steered  approach. 

TAHI.K  5-11.  l>UOCF,S.S()U  IX)A1)  AND  STORAGE  REQITREMENTS  FOR 
DEI^/W-BIT  STEERED  CYLINDRICAL  ARR.AY 

Instruction  Storage 

Phase/ AmpI itude  Weight  Access 
Element  Sector  Select 
Total  Instructions 

Data  Storage 

Stored  Drive  Tables  (4  Channels/ 

2 sets) 

IFF  Stored  Drive  'Tables 
Active  Drive  Tables 
'Total  Data  Storage 

Processor  I/Oad 

Phase/Amplitude  Weight  Access 
Element  Sector  Select 

Total  Inst  ructions /Dwell 


10  Bit  Words 

20 

10 

56 

16  Bit  Words 
128 

52 

04 

224 

Instruction  Dwell 

2000 

700 

5500 
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c.  RADAR  C'ON  rRUL  RROC’KSSOR/SYNCHRONr/ER  SUMMARY 

VVliile  the  Delay-lRl  Steered  Cylindrical  Array  ai)proach  results  in  a somewhat 
higher  (d:!)  processing  load  for  the  Radar  Control  Processor,  the  matrix-stored  and 
delav-bit  steered  approaches  are  essentially  comparable  in  terms  of  overall  storage 
requirements  2^>0  words).  The  remaining  command  words,  summarized  in 
Table  5-12  rei)resenls  a small  additional  load  on  the  synchronizer  in  comparison  to 
[Kjrforming  the  arrav  steering  function. 


l ABLK  SYNCHRONIZER  DRIVE  CO.MMANDS 

Exciter/Waveform  Oenerator  Commands 

Data  Bits 


Main  Hang  or  Transmit  f'ulse  1 

Transmit '^Receive  1 

Radar/IFF  Mixie  Control  1 

IF’F'  Mixle  Select  8 

Frequency  Select  ,8 


Signal  Processor  Command.s 


Range  Counter  Start 
End  PRP 

Detection  Threshold 


Data  Bits 

1 

1 

It; 


H t: Mor V.  sm:  c()nthc)l  processor 


<■). 

The  Ucniotc  Silt"  Control  l^occssor  providos  the  interfare  for  the  data  link 
controller  to  resjxind  to  remote  site  control  commands/request  and  to  output  track 
reimi-i  data  and  iierformancc-  status  information  to  the  remote  control  site. 

The  input  and  liutiuit  data  associated  with  the  Remote  Site  Control  Processor  is 
summarized  in  I'ahle  ri-l.'C  The  primarv  output  data  consists  of  track  reports  which 
summarize  the  track  coordinate  information  and  track  status  information,  including 
the  replv  infoi*matif)n  associated  with  the  IFF  interrogations.  For  20  tracks  in  the 
svstem.  transfer  of  the  track  rei)orts  represents  apiiroximately  ;1520  tdts  of  informa- 
tion which  must  be  output  over  the  2400  baud  line  every  12  s (assuming  output  of 
all  track  rejwrts  everv  0 scans).  Operator  requests  are  envisioned  to  be  relatively 
infrequent  and  require  minimal  information  transfer. 

The  only  additional  l)ui'den  which  may  be  placed  on  the  Data  Fink  Control  is 
transfer  of  PM  and  Fl)/T  information.  The  level  of  PM  and  FD/I.  support  required 
must  be  considered  as  a ]>ortion  of  an  overall  logistics  support  trade  involving  PM 
and  FD/1.  complexitv,  spares  location  etc.  and  would  be  handled  in  a background 
manner  similar  to  a (mioritized  time-sharing  computer  service  network.  The  lead 
and  timing  requirements  of  the  PM  and  FD/L  data  transmission  represents  no 
difficulty  with  the  proi)osed  voice-grade  communication  link. 

7.  PERFOILMANCK  MONITOK/FAUL  1'  DETECTION  AND  IXICATION 

A principal  design  consideration  for  the  PM  and  FI)/I.  sui)jx)rt  of  the  radar  sys- 
tem is  the  al)ilitv  to  operate  unattended  with  cyclic  preventive  maintenance  visits.  In 
order  to  operate  unattended,  the  PM  and  FD/L  approach  must  provide  for  natural 
redundance  and  automatical! v switched  self-healing  implementation.  In  order  to 
accomi)Iish  switched  self-healing,  the  hardware  design  must  provide  for  the  ability 
to  detect  the  occurrence  of  a fault  in  order  to  activate  appropriate  software/fiimware 
responses  to  accomplish  automatic  switching,  and  provide  for  reixirting  to  the  remote 
control  site  of  degraded  conditions. 

The  hardware  features  required  to  support  the  PM  and  FD/l,  approach  are 
summarized  in  Table  f)-14.  The  integrity  of  data  and  instruction  transfers  to/from 
memory  is  monitored  l)v  hardware  computation  of  byte  parity  to  identify  faulty  mem- 
ory modules  to  the  performance  monitor  function.  Provision  for  alternate  communi- 
cation paths  betw(H*n  redundant  processor  modules  enables  switched  self  healing,  as 
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i'AMl.K  DA  I A MNK  CON’TROLLKH  RKQI HMENTS 


Output  Data 

• I'rack  Uf|)orts 

I'arKot  SlaiU  Kan(;e 
rar^ft  Slant  lOnKe-Hate 
TiirRct  A/imuth 
la r get  Azimuth  Rale 
l ime  of  Last  Deteetion 
Hit  ('ount 

IFF  Status  (Repiv  \'erifieH,  Kmcrpeney) 

IFF'  Verification  l ime 

F'AA  Iflentifieat  ion  Code 

Target  FRevation 

X’erifieation  Ifange 

V'erifieation  Azimuth 

• Performance  Status 

Arra\’  Control  Subsystem  Status 
RF'  Flxeiter  Subsystem  Status 
Final  Receiver  Subsystem  Status 
Signal  Processor  Subsystem  Status 
IF'F'  Data  Controller  Status 
Data  Processing  Subsystem  Status 


Inimt  Data 

• IF'F'  Requests 

• PM  and  F’l)/ 1.  Requests 

• Reconfiguration  ('ommands 


TABLE  a-14.  HARDWARE  PM  AND  F'l)/L  DESIGN  REQCIREMENTS 

• Bvte  Parity  - Modulo  2 Count  of  Ones  for  All  Memory  Transfers 

• Alternate  Communication  Paths  - Retlundant  Bus  Structure 

• Redundant  Processing  Mf)dules  - S\vitche<l  Self-Healing 

• Data  1 ransfer  Timeout  - Timed  Data  Transfers  to  Prevent  System  Ixickup 

• Test  Signal  Injection  - System  Sensitivity  Measurement 

• Power  Fail  Interrupts  - Subsystem  Failure 


5~1:i 
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wL'll  ;is  an  ahilitv  to  coinpari'  tlu-  outputs  of  scvuval  processors  o[)cratinji  on  identical 
data  for  fault  location.  Hata  transfer  timeout  is  provided  on  all  Inp  ‘ )u' ' njt  fl/O) 

to  facilitate  a re-tr\  of  an  unsuccessful  1 ) reipiest  ujion  timer  runo..  followed  by 

activation  of  error  recmcrv  procedures  (i.e.,  memorv  switcliinji  for  redundant  mem- 
ory nnxiules).  The  capability  to  activate  test  sit^nals  injected  into  the  final  receiver 
IS  re(]uired  to  enable  svstem  pt'rformancc  measun's  to  be  performed  on  the  ''ecciver- 
si^nal  processor  chain.  Test  vectors  injected  to  the  data  [irocessor  are  re(|Uirefl  to 
isolate  faulty  mcrimr'.  and  )irocessor  modules.  Finall\  . power  fail  interrupts  are 
included  in  tin.'  subs\.-.iem  comjioncnts  to  enable  recognition  of  the  loss  of  radar 
subsystems  due  to  powei'  loss. 

Three  levels  of  I’M  and  KD/I.  are  sup]xirted  directly  by  software/firmware 
rt'sident  in  the  processor  modules.  The  first  level  of  support  is  the  on-line  error 
sensing  associ.ited  with  Tiieniory  jiaritv,  power  failure  and  data  transfer  timeout  as 
siimm.ari7ed  in  I aiilc  If  any  of  these  errors  are  sensed  in  the  data  processor 

b\  the  firmware  c>rror  processing  function,  an  atlemin  is  first  made  to  locate  the 
source  of  the  error  b\  pcrfoiTiiinn  memorv  read/write  cycles,  register  to  register 
transfers  and  test  calculations  based  on  test  vector  injection.  If  the  error  i.s  located, 
an  attempt  to  reeonfigurc  the  systimi  is  i)erformed  via  reallocation  of  memory  mod- 
ules. or  by  disabling  (i.c. . set  busy!  faulty  processors . When  possible,  self-tests 
are  activated  in  faults  processors  to  isolate  a fault  to  the  board  level.  The  degraded 
status  is  rejxirted  to  the  remote  site  controller  and  recorded  to  sui)|)ort  subsequent 
system  test  le\ els  . 

second  le\el  ol  system  test  is  activated  on  a ix'riodic  basis  to  assess  overall 
system  health.  The  second  level  of  testing  consists  of  test  vectors  injected  to  the  data 
processing  subsvstem.  as  described  abovi*,  togidher  with  iniection  ol  lest  signals  bv 
the  e.xciter/wavcform  gcner.dor  to  the  final  receiver.  The  test  signals  from  the 
exciter/ waveform  generator  enable  measures  of  system  sensitivitv  to  be  [X'rfom'ed 
to  validate  the  receiver-signal  [u-ocessor  chain.  Status  is  again  reported  to  the 
remote  site  control  process  via  the  data  link  controller. 

A third  level  is  system  I’.M  and  I'l)/I.  involves  human  interaction.  This  level 
of  tost  involves  both  status  assessment  and  interactive  control.  Selective  execution 
of  Huiisystem  and  system  level  tests  is  performed  in  restxinse  to  operator  retpiests 
over  the  data  link  based  on  o|icralor  assessment  of  the  ix'rformance  status  informa- 
tion returned  over  the  link.  The  status  assessment  includes  a detailed  re(x>rting  of 
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l-ovol 


1 


Ai't  i\  iiliua 
Mc-ch:imsni 

Error  DoLccted  l’;trit\  • 

I’owi  r Fail  Timeoiil 


Pcriodicalh  • 


Uomole  Control  • 


Processing 

Error  Ix)cation  via  Status  Word 
Idontifv  Nature  of  Fault  Recon- 
figure 

Activate  Mcxlule  Self-Test  Report 
Degraded  Status 

Subsystem  Test 
Test  Vector  Injection 
Status  Report 

Svstem  Performance  Evaluation 
Test  Signal  Injection  for 
Sensitivitc  Measurement 

Selective  Execution  of  Subsystem/ 
Svstem  Test 

Directed  Reconfiguration 
Svstem  Reinitialization 


system  parameters,  such  as  interference  measures  and  detection  thresholds.  Based 
on  [K-rformance  assessment,  the  operator  then  ixtrbrms  a commanded  system  re- 
configuration to  remove  defective  modules  from  the  active  processing  lineup  if 
reciu  i red . 

Ca|)abilitv  for  a fourth  level  of  PM  and  FE)/!.  must  be  recognized.  Ihe  data 
processor  architecture  must  also  provide  for  supjxirt  of  on-site  maintenance.  It  is 
anticipated  that  the  resident  P.M  and  Fl)/I.  software/firmwavc  will  be  sufficient  to 
isolate  faults  to  the  board  level.  On-site  interactive  control  and  response  n be 
provided  via  an  interface  to  the  data  link  controller  with  an  interactive  dispiav  ter- 
minal (either  on-site  or  transported  to  the  unattended  site  bv  maintenance  personnel). 
Operation  of  FD'  1.  can  be  acc'omplished  to  an  arbitrary  low  level  by  also  providing  for 
diagnostic  program  (‘ntrv  via  the  dis()lay  terminal  or  via  an  on-site  magnetic  j)ci  iph- 
eral  f)rtjvided  for  system  [irogram  initialization.  The  final  decision  on  the  level  of  PM 
and  FD/L  is  a ixjilion  of  a total  system  network  logistics  support  trade.  The  data 
proct'.ssor  hartlwarc^  architecture  t<i  be  described  in  th('  subseejuent  sections  is  sup— 
fxirtive  of  the  basic  PM  and  Fl)/E  aliltroach  described  above. 
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S.  DM  A P1{I  K hSSOK  AHCll  l I KC  rrUK 

Ihi'  ;iri  hitfcturi'  chosen  for  the  Data  I'roc-essor  implfmentat ion  was  inf'uenced 
l)\  the  fnnetional  rerjui reinents  it  must  meet  hut  also  by  the  inifiortant  factors  of  cost, 
relia!)ilit\ , easi-  of  fault  location,  and  niaintainahilit  v concepts  of  modularity.  I he 
details  of  each  of  these  fiuitui-es  of  the  architecture  are  to  he  described  in  this  section. 

The  functional  rceiui  rements  indicate  both  a lar^e  volume  of  signal  processor 
and  IFF  outputs  and  a corresponding  comide.xitv  of  the  Data  Processing  and  Reduction 
Task  to  reduce  the  outputs  of  the  signal  and  IFF  processor  to  target  detection  and 
target  tracks.  .Analysis  of  these  requirement.s  suggests  a network  of  mullltde 
processors  as  a favorable  methofl  of  iniplementat ion . Mmlularitv  and  reliability 
cons ide rat  ions  indic*atti  each  processor  .should  be  identical  to  the  others  and  fault 
tolerance  should  be  a design  constraint.  The  generalized  architecture  of  Figure 
o-lOis  implied,  but  not  practical. 


Figuri“  .a-K!.  I’rocessor  Network 


1 


' Thf  imiltiplic'H\  of  paths  i‘vicli'nt  and  thoir  cost  is  not  onlv  undesirable  hut 

^ unnecessan  . The  interfaces  are  limited  to  signal  and  IFI-'  pro<-essor  returns,  and 

I 

[ the  command  intiu-faccs  to  the  svnchroni/er  and  data  link  functions.  Hv  using  a 

: FIFO  organized  memorv,  each  of  these  mav  lx;  buffered  from  radar  time  and  intro- 

duced as  sections  of  tlie  shared  imunorv.  This  sharer!  memorv  mav  be  partitioned 
into  a target  ri'turns  serhion  and  a commaml  sei|uencing  functir)n.  Task  direc-tives, 
synchronizer  eommanris . track  files,  data  link  filr?s,  and  clutter  map  functir)ns  art* 
broadly  referrerl  to  as  comnuind  sequencing  activities. 

Control  sequencing  for  the  network  of  processors  is  accomplished  hv  placing 
task  directives  in  one  of  the  FIFO  queues  (prioritized  according  to  level)  organized 
for  that  purpose.  Fach  prrx-essor  ;is  it  completes  a previous  iob,  scans  the  task 
directive  file  for  the  next  task.  I'his  task  directive  directs  the  processor  to  begin  a 
given  operation,  receive  data  from  a particular  source,  plac(^  results  in  a given 
shared  memorv.  and  schedule  further  processing.  This  mechanism  allows  each 
processor  to  function  independent Iv  of  everv  other.  Changing  the  number  of  pro- 
i cessors  affects  reliability  and  the  overall  processing  rate  but  does  not  change  the 

control  philosophv  or  implemcntat ion . 

Processor  loading  studies  indicate  the  functional  requirements  of  the  aligned 
I system  could  be  met  in  four  processors,  with  six  processors  required  for  the  un - 

aligned  signal  processor  approach.  Fail  safe  concet>ts  increase  this  bv  one  processoi 
for  either  svstem.  This  now  completes  the  overall  structure  of  the  hardware  imple- 
mentation. Figure  a-17  fletails  the  composite  structure  and  Fable  .o-Ki  summarizes 
i the  total  devices  and  power  consumption.  Kach  of  the  component  blocks  is  next 

. detailed. 


1 ABl.K  .l-lf,.  lHnVF.lt  .^NI)  DFVICF  8CMMARY 

! 

1 Devices  Power  (W) 


1 

1 IFF  Processor 

70 

o.s 

1 

II 

Data  f’rocessor 

f 

.')  Processing  lilements  .oO/Di.l 

230 

80 . 3 

1 

Data  Memories  OO/ll..'? 

;ioo 

3 (>.5 

1 

r>  I^rogram  Memories  .al/4.0 

233 

20.0 

1 Clutter  Map 

(i:t 

12.5 

1 ,S\  n<*hronizer/l)ata  I.ink 

•If) 

.1 . 3 

Totals 

!)H7 

17S.8 

r)-47 
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The  first  s\stoni  tniildmn  to  l>e  cons icieroc!  is  the  I-’roeessiaf^  Klement 

(I'K).  rtiis  moduli.-  pc-rforms  niost  ot  the  mathematical  and  sequencing  functions  of 
a microprogrammable  g(-neral-pur[)ose  comi)uter.  The  mathematical  functions  are 
implemented  in  a bit-sliced  microprocessor  chip  set.  A Kl-bit  Arithmetic  l/>gic 
I'nit  t.M.n  is  adequate  to  serve  most  of  the  functional  requirements  and  is  augmented 
by  a small  amount  of  shift  logit'  to  f;icilitatc  multiple  shifts,  multiplication  and 
division. 

The  control  sequencing  functions  are  implemented  in  a microprogran'  sequencer. 
Multitile  levels  of  looping  and  microsubrouting  and  a single  microcvcle-conflitional 
branch  caiiabilitv  allow  efficient  implementation  of  bit  test  and  controller  functions. 
.Simultaneous  generation  of  address  and  ALP  m;ithem:itical  functions  are  provided 
for  bv  ptirallel  data  and  address  paths  and  separate  hardware  elements.  This  allows 
the  flexible  use  of  memories  as  general-purpose  registers.  Krror  checking  hardwttre 
is  included  to  siniplifv  performance  monitoring  (PM).  Real  and  pseudoparity  of  the 
data  bus  is  used  to  functionallv  check  proper  program  execution  on  a cycle-by-cycle 
basis . 

In  view  of  tlie  im(x)rtance  of  optimizing  the  power-speed  characteristics  of 
this  module,  two  implementations  were  studied.  The  first  is  a complementary  metal 
oxide  semiconductor  (CMOS)  design  employing  the  recently  announced  P'airchild  chip 
set  (CMOS  macrologic  -4700  series).  The  second  design  features  low-power 
.Schottkv  logic  (liS-T  ri.)  in  a system  employing  both  .AMD  parts  (AM2901  micro- 
processors) and  Fairchild  Parts  (l.S-TTI.  Macro  logic-9400  series).  Fach  of  these 
processors  have  thi-ir  strengths  and  only  through  close  examination  is  a projx-r 
evaluation  r>ossible. 

The  (JMOS  processor  is  diagrammed  in  Figure  .i-lS.  This  chip  set  is  com- 
patible with  the  generalized  four-bus  architecture  (data  in,  out.  control,  and  address) 
and  IS  optimizefl  to  make  maximum  use  of  the  narrow  microcode  PROM  width.  Over- 
all there  are  27  Registers  (RKG),  (8  in  the  470.'j  ALF,  Hi  in  the  4710  File  and  3 in 
the  4 707  data  address  reg),  distributed  within  the  processor  but  not  all  of  these  may 
be  classes  of  general-purfiose  single-cycle  registers.  Note  the  inclusion  of  offset 
branch  and  multi -instruction  loop  caiiability  with  the  mircoprogram  sequencer.  I'he 
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Figure  5-18.  CMOS  PF  Architecture 


parts  list  and  layout  area  summary  ( Table'  a-lT)  detail  the  low  expected  power  of 
the  t'.MOS  iTiiplcmcntal  ion . Deyict'  spec'ifications  indicate  a typical  microcvcle  time 
of  2.0  ps  for  nonpipel ined  processor  (i.e..  incorixirai ing  branch  and  jump  class 
instructions)  operating:  from  r>  \'  power  supplies.  Improvement  In  a factor  of  two  is 
jvissible  In  raisinu  tlu-  supple  to  Id  V but  system  interconnect if>ns  compatilnlitv  suffers. 

I'ij^ure  r>-l!i  details  llu'  I.S-iTl,  processor.  Math  and  logic  ojierations  are 
performed  in  the  .\[  T section  of  the  AM2901.  The  data  path  organization  of  this  fle- 
vice  emphasizes  flexiliilile  in  use  of  the  Ki-general  purfxise  and  Q-registers . Memore 
address  ofierations  may  occur  independently  as  they  are  perfomu'd  in  a separate 
adder  (part  of  the  I)at;i  .Address  Reg  9407).  The  control  ROM  efficiency  is  not  as 
high  with  this  processor  — a 40  liit  word  width  is  required.  The  control  sequencer 
is  functionally  the  same  as  the  CMOS  version  with  higher  siK'ed.  The  power  and 
parts  list  is  summarized  in  Tatile  o-lft.  A microcycle  of  400  ns  is  feasible  for  the 
noniiijK'lined  processor . 

Comparison  of  the  two  technologies  is  now  possible.  I'he  sj)ced  (xiwer  i>roduct 
for  each  of  the  implementations  is  nearly  identical  (0.4  ps  x l.o  W 2.5  ps  x 2.5  W 
()  pW/s).  A calculation-limited  application  of  these  processors  will  require  niore 
CMOS  processors.  Hence,  construction  costs  will  be  higher.  Ftiult -tolerant  design 
practices  will  however  lavor  the  CMOS  processor,  the  extra  redundant  processor 
consumes  less  power.  Overall,  a good  argument  could  be  made  for  either  imple- 
mentation. LS'TTI.  is  recognized  to  be  a more  mature,  high  reliability  technology. 

The  parts  chosen  are  "seconrl -sourced",  well  qualified,  proven  devices.  On  this 
liasis,  th(!  1 »S'TT  b processor  is  recommended  as  lowest  risk.  However,  the  imple- 
mentation time  frame  mav  well  change  this  decision  in  light  of  specific  product  lines 
available  within  a vear  (i.e.,  iirior  to  the  Engineering  Development  Mcxlel  Contract 
Phases . 

The  quoted  cycle  tin'cs  were  on  the  basis  of  a nonpipelined  processor  architec- 
ture (i.e.,  including  provision  for  branch  and  jump  class  instructions).  This  choice 
was  made  from  the  observation  of  the  frequency  of  conditional  branch  decisions  to  the 
flata  processing  algorithms.  Selection  of  sjx!ed  compatible  memory  and  l/O  com- 
(xments  also  allow  most  o(K'rations  to  be  performed  in  a single  microcycle.  These 
factors  weigh  heavily  in  the  chosen  architecture. 
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I'v  !><■ 

Function 

Width  Pins/ 
Power  ImWi 

H 

F470:i 

FIFO  Buffer  Register 

0.4-24/50 

•1 

F4704 

Data  Path  Switch 

0.4-24/50 

4 

F4705 

Arithmatic  Register  I^ogic  Stack 

0.4-24/50 

4 

F4700 

Prf)grani  Counter  Stack 

0.4-24/50 

4 

F4707 

Data  Address  Register 

0.4-24/50 

1 

F4708 

Microprogram  Counter 

0.0-40/50 

4 

F4710 

Register  File 

0.. 5-18/20 

1 

F4582 

Ixiok  Ahead  Carrv 

0. .5-10/10 

1 

F4008 

4 -Bit  Adder 

0.. 5-10/ 10 

r> 

F40097 

Tri -State  Buffer 

0.. 5-10/10 

20 

HmOGll 

250  X 4 PROM's 

0.5-10/50 

2 

F45:n 

Parity  Element 

O 

1 

o 

1 

F45.52 

Priority  Encoder 

0.5-10/10 

1 

F407() 

Registers 

0. 5-10/10 

5 

CMOS  LS-I  TL 

Misc  SSI 

0.5-P;/40 

72 

05  in.^/2.7  W 
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Figure  5-19.  F S-T  I I f’K  Architecture 


l Am.K  13-lM.  PAinS  I.KS'l  FOR  LS-I  I I.  PK 


ii- 

Typo 

Function 

Width  Pins/ 
Power  (mWi 

4 

AM  2 mil 

.Al  l and  Reg  Stack 

0.  () -4 0/8 on 

4 

F!)407 

Data  Address  Register 

0.4-24/000 

4 

F!)403 

FIl'O  Buffer  Register 

0.4-24/000 

1 

F040H 

MICRO  Program  Counter 

0.0-40/000 

f) 

S2S115 

.512  X 8 PROM's 

0. 0-24/800 

1 

.'{2 14 

Interrupt  Controller 

0.0-24/.)50 

2 

74  I.S25;! 

Dual  4:1  Mux 

0.3-10/.50 

{; 

74KS374 

8-Bit  Register 

0.3-20/70 

5 

74  LSI 38 

Deccxler 

0.3-16/.50 

2 

AM291S 

4 Bit  Register 

0.3-20/1,50 

3 

8T97 

I'ri  state  Buffer 

0.3-10/200 

2 

74  1.3280 

I’arity  Klement 

0.3-10/70 

in 

74  LS 

Misc  SSI 

0.3-10/50 

50 

00  in.^/lO. 
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rhf  microcodi'  nu'moi-N  \\;ts  si7.o(l  ('A2  words)  lo  allow  the  iticdusion  of  both  a 
"standanl"  i fist nu't ion  sot  and  the  run-time  critical  siieeial  (unctions  in  all  proces- 
sors. A simiilificd  standard  instnution  set.  composed  of  :tlt-40  instructions  and 
:t— 1 addn'ssin^;  modes,  allows  optimum  cfficiencv  in  tirot^ramminK  for  thc>  calibration, 
track,  data  communu  ai  ion,  and  I’M  routines.  The  short  real-time  software  functions 
m;i\  l)c“  o|itimi7cd  for  s|»eed  b\  mi<-iv>codinK  the  critical  seriucnces. 

1).  DM  A MKMOK'i 

For  each  ot  the  systems  under  consideration,  (here  is  a requirement  for  a 
larjit'  data  memorv  nuHlulc.  HufferinK  of  signal  and  IFF  processor  outfnits.  track 
store,  command  files,  synchronizer  data-link  drive  files  anil  the  inter|irocess  data 
base  all  contribute  to  the  total  memory  load.  Each  of  these  must  be  able  to  be 
accessed  indepciulentlv  bv  each  of  (he  I’E's  but  the  numlier  of  data  organizations 
of  each  file  mav  be  limitetl.  FIFO  organization  is  considered  ideal  for  the  signal 
processor  outputs  and  conwumd  and  drive  files.  However,  multi[)lc  wonl  associa- 
tions are  required  for  some  of  the  track  and  interprocess  files.  .\n  intelligent 
.Memory  rontroller  (M(')  is  projxised  to  .solve  these  iiroblems  and  (irovide  the  extra 
capability  needed  for  a fault-tolerant  network  organization.  This  will  also  elimi- 
nate much  of  the  load -store  overhead  associated  wdth  the  use  of  general-purpose 
processors.  The  transfer  bus  between  the  PE's  and  their  data  memories  has 
both  a data  field  and  a job  tag  field.  The  job  tag  tells  the  memory 
controller  a grouji  of  words  is  desired  (read  mode)  or  are  waiting  (write  mode)  for 
transfer.  The  MC  associates  the  t\q>e  of  group  and  their  number  with  real -physical 
memory  locations.  Short  FIFO  buffers  allow  the  memories  and  iirocessing  elements 
to  work  asynchronously. 

CCD  memory  technology  promises  several  speed,  power  and  density  benefits 
that  arc  imixirtant  to  this  atiplication.  The  Line-Addressed  Random  .Access  Memory 
(I.ARAM)  architecture  (Fairchild-CCl)4(;0)  is  suitable  for  implementing  all  the  de- 
sired data  organizations.  Each  1C  contains  1().'1H4  bits  of  memory  organized  as  :12 
groups  of  128  four  bit  words.  A lOlMi  word  block  is  formed  by  using  4 together. 
Figure'  .j-20  details  the  functional  organization  of  the  data  memory.  Four  40!)(’i  word 
blocks  fonri  the  page  bounelarit'S  and  are  controlled  by  a single  MC.  PE  reference 


to  a niven  pioco  of  data  is  made  via  a page  register  and  a fiinetiotial  mrxie  of  data 
transfer.  This  information  is  c-ontainetl  in  the  8-l)it  jot)  tag  fieUl  fjartioned  in  the 
following  manner; 


()  5 

4 

2 1 

0 

H 'W 

I’age  No. 

r 

j Spare 

> 

I Mode 

Hloek  transfers  of  tlat.a  it  the  end  of  the  radar  time  eyele  is  prevented  as  both  the  page 
and  lilock  aeecss  to  the  d;it;i  is  bv  |trogrammal)le  indirert  meTi  or\'  reference.  The 
CDC  memorv  r(>f|inres  periodic  rt'freshing  to  retain  dat:i.  This  is  performed  via 
si)ecial  counters  - the  end  user  of  the  data,  the  PK,  is  blind  to  the  refresh  process. 
The  Mr  keeps  talis  on  the  refresh  process  and  the  position  of  the  rlata  in  each  of  the 
128  register  groups  it  controls. 

The  memoiw  controller  is  a Signetics  8 x .'iOO.  This  monolithic  IC  is  a high- 
speed (.‘300-ns  cvcle  lime)  microprocessor  optimized  for  controller  applications. 
Featuring  a separate  control  and  data  path  and  compatible  supjxirt  IC's  (data  inter- 
face -8T,‘32  tind  control  PKOM  82S  ll.a),  this  processor  greatly  reduces  the  random 
logic  required  to  construct  the  control  functions.  The  multiple-<lata  transfer  modes 
are  all  implemented  in  firmware  increasing  the  versatility.  In  order  to  implement 
the  indirect  data  reference  nvxies.  coordination  between  MC's  must  be  arranged. 

Kach  of  the  memories  rlccixle  bv  function,  not  by  real  address.  The  MC's  scan  the 
control  registers  for  a data  transfer  reque.st.  The  selected  memorv  page  will  stack 
up  data  to  be  transferred  in  the  buffer  FIFO  conditional  on  s()ace  in  the  FIPX)  and 
refresh  stale  of  the  p.n'ticular  memory  register.  .Synchronizing  signals  allow  alter- 
nate data  transfers  from  difftment  pages  and  other  soiihist icated  data  structures. 

The  other  interface  interacts  with  the  outside  world  through  a P'IF(')  buffer, 
this  part  is  programmable  as  well  and  allow's  lioth  input  and  output  at  various 
asynchronous  rates.  Interaction  with  the  signal  and  IFF  imocessor  (input)  and  the 
synchronizer  and  data  link  (input  and  out{)ul)  is  expected  but  others  are  possible. 

Table  details  the  ex()ected  parts  and  jxiwer  lists.  Only  one  version  of  this 
board  was  studied  --  s(x‘ed  com|)atible  with  the  I^S  I TI,  processor.  The  o(K'rating 
firmware  was  roughed  out  to  check  conceptual  validity.  It  is  ex(x‘cfed  the  pro()osed 
configuration  woulfl  siquiort  the  1 .MHz  data  rate  of  the  signal  processor  paths. 
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l AIU.K  PARTS  F01{  FIFO  lU'FFFH 


iiL 

I'VIX' 

I'Ainetion 

Width  Pins/ 
Power  (mW) 

1C) 

F17o;! 

10  X 4 VMOS  FIFO 

0.4-24/.70 

Pi 

CCDP'.O 

10;iH4  CCD  Memory 

0.4-22/200 

1 

X ;inu 

Control  Interpreter  pP 

0.0-70/1800 

2 

>^2Si  ir> 

.712  X 8 PROM 

0.0-24/000 

•1 

Interface  Vectors 

0.0-24/000 

2 

MVVS  .7040  1) 

CMOS  Data  Memory  (2.70  x 4) 

0.4-22/7 

H 

74  ('  1 74 

4 -Hit  Register 

0.  .7-10/10 

2 

74Clt;!) 

(V)unter 

0..'i-10/l0 

1 

Clock  Generator 

0.7-10/100 

r, 

7 4 OS 

Misc  Control 

0.7-10/70 

2 

74CS.7 

Comparators 

0.7-10/10 

02  in.^  ^11. 

Control  Woi’fi  h Hits 


H/W 


Mode 


1 


1 


Mode 

0 PM  - ’lest  and  Status 

1 } 

I ' Data  Organization  Format 

r,  ' 

7 Idle  Mode 


J 


Spi-c-ial  iiu'tition  shoulil  !)<■  of  tho  t'acl  that  data  from  the  (’(’I)  memories  does  not 

aetiialh  pass  through  the  s x :(•>()  proeessor.  Aeeess  strobes  and  enables  gate  the 
data  direeth  to  ihe  butter. 

I'M  and  I I)/ 1,  lias  been  eonsidered  m eonfiguring  the  data  memorv.  Additional 
data  paths  (serial  transfers  in  (he  ril't  i buffers)  allow  quite  extensive  self-test  func- 
tions, The  page  and  block  regi.ster  circuitry  is  lo  be  reinitialized  to  reflect  hardwtire 
faults,  ('ontinued  oi>eration  is  possible  as  spare  memorv  pages  are  to  be  included  in 
system  sizing.  I'he  design  of  the  control  register  scanner  is  somewhat  critical  in 
this  respect.  Fail-safe  di'sign  practices  are  required  since  each  page  contains  a 
siuinncr.  Fi-ovision  is  maile  for  disabling  the  rest  undi  r normal  operation,  as  onU 
one  IS  needed.  Disabling  from  an  external  source  (I'l:)  ma\  be  required  for  certain 
harflware  faults. 

c.  FROt.KAM  .MK.MORV 

Associated  with  each  of  the  proeessing  elements  is  a program  memor\  board. 

In  addition  to  its  yirogram  storage  role,  this  board  contains  two  data  memorv  inter- 
faces. .Nonvolitile  storage  (PROM)  is  provided  for  512  words  of  programs  associated 
with  System  Initialization  (SIN),  data  communication  and  PM/status  ymocessing. 

These  functions  have  to  be  able  to  he  ix'rformed  immediately  after  any  power  inter- 
nqition.  All  other  progratns  are  resident  in  the  RAM  memorv.  Initialization  of  this 
memorv  is  jK-rformed  bv  use  of  a nonvolitile  magnetic  peripheral  or  by  data-eomm 
link.  Battery  ixiwer  backuy)  is  a third  alternative  as  the  standby  power  requirement 
is  f|uite  low  . 

Figure  5-21  and  fable  5-20  detail  the  chosen  inqilementtition.  CMOS  memories 
are  chosen  for  their  medium -syieed  low  iKnver  characteristics.  Comi>ensation  for 
ticeess  times  is  aeconqilished  by  a wait  signal  returned  to  the  clock  timing  circuit 
of  the  i’K.  Access  times  for  the  CMOS  on  silicon-on-saiiphire  (SOS)  R,-\M  and  the 
data  memorv  interfac-es  arc  short  enough  to  allow  400-500  ns  c\cle  times.  PROM 
access  times  woukl  add  about  100-220  ns  to  this.  Paritv  protection  is  included  on 
RA.M  transactions . Fxfiansion  to  HK  of  RAM  or  additional  PROM  is  jmssible  con- 
sidering the  low  density  of  board  components. 
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lAiu  !•;  r)-20.  i’Ai{'rs  i.isr  for  procram  mfnr)1{Y 


17 

Tvix; 

Function 

Width  Pins/ 
Power  (mW) 

MW'S  .ilHI-l 

IKXl  CMOS  PA.M 

0. 

;i- 10/50 

S 

IlMlibl  1 

250X4  CMOS  PROM 

0. 

d-lO/50 

S 

FI70;i 

FIFO  Duffer  Register 

0. 

4-24/50 

2 

7-1  LS2‘in 

Parit\  Flemeiit 

0. 

;i-i(;/70 

2 

71 1 „si:{.s 

Devoder 

0. 

:i-io/70 

10 

7-1 1, SO  71 

Register 

0. 

3-H;/70 

10 

74  1-S 

Misc  SSI 

0. 

:i-io/7o 

57 

50 

in.^/4.  OW 

d.  CI.l  TI  FR  MAP 

The  clutter  mai^  (sec  Fi^rure  j-22)  reciuires  a lartte  store  (52852  vvorfls)  to  re- 
nu'nii)er  the  zero  Doppler  ch;tnn(.*l  ground  clutter  returns.  The  data  is  range  anri 
azimuth  ordered  so  random  access  is  not  required  in  the  step  scan  mode.  The  inter- 
fa<'c  to  this  memorv  should  Ije  c'Otninitible  with  the  previouslv  defined  system  concept. 
Overall  relial)ilit\  is  a rcfiuirement  as  well,  since  as  a unit,  duplication  is  not 
rlesirable.  Further,  this  module  should  be  compatible  with  the  self-diagnf)sis  features 
of  the  I’M  and  FD/L  architecture. 

One  |x)ssible  implementation  of  the  clutter  maj)  is  to  use  four  of  the  data  memorv 
modules.  '11118  afiproach  satisfies  .all  of  the  abo\'c  retjuirements  but  docs  so  at  a high 
c’ost  and  |x)wer  demand . .Anothei'  CCD  memorv  is  scdieduled  for  release  in  the  first 
(juarter  of  1077  - the  Fairchild  CCD-4(i5.  This  is  a serial -I'arallcl -serial  organized 
• >55.'i(j  X 1 memor\  . I sing  this  It',  it  is  )x)ssible  to  realize  the  c-lutter  map  on  a single 
Uiard.  A single-liit  Hamming  error  correction  mechanism  is  included  to  provide  the 
nei'defi  reliabilitv.  Five  additional  check  bits  are  stored  with  each  woni,  hence  the 
memorv  size  is  20  bits  (15  bits  of  fiosltive  magnitude  i 5 check  bitsl.  A reliabilitv 
imfirovement  ol  5-to-l  is  expectcxl  for  5000  h ojieration  time.  Tlu'  cdutter  map  memor\ 
is  interfaced  to  the  system  buses  exactli’  as  are  data  memorii^s.  An  8 x ;100  micro- 
(irocessor  is  used  as  the  interface  manager.  Self-test  and  PM  capabilities  thus  mav 
be  included. 

The  functional  block  diagram  is  presented  in  Figure  5-22.  The  parts  and 
ixiwer  rer|uirements  are  summarized  in  Table  5-21. 
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FiHuro  f)-22.  Clutter  Map  Memory 
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I Am.i; .')  21.  i‘.\irrs  list  fok  cllttkh  mai 


Width  Pin.s/ 


iL 

T\  p*' 

Function 

Power  tmV^’) 

21 

('ri)4';r) 

rri)  Mcmorv 

0.  :i-lti/:50() 

s 

F4T0;{ 

li)  X 4 FIFO  Mcmorv 

0.4  -24/r)0 

1 

s X ;?on 

Control  Intcrimcter  (/jP) 

0.0-50/1800 

2 

S2r)iir, 

1MU)M  f)12  X 8 

0.  (1-24/000 

;i 

STli.'i 

Interface  Vector 

0.0-24/000 

2 

.MWS  ilOlOl) 

2.0(1  X 4 CMOS  Memory 

0.4-22/5 

2 

74  CHIP 

Binarv  Counter 

0.. 0-10/20 

'> 

- 

Clock  Generator 

0..0-H1/200 

5 

- 

Parity  Generator 

0.0-10/10 

4 

74C8G 

Xdr 

0.0-10/10 

2 

74Ci;i8 

Decoder 

0.0-10/10 

74C'174 

Hcpi.‘?ter 

0.0-10/10 

74I..S 

Misc  Control 

0.0-10/70 

(Ill 
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9. 


DATA  0>MMrNK'AT10N  LINK 


Sharitij;  part  of  the  board  allotted  to  the  svnchronizer  output  logic  is  the  Data 
Communication  l ink  logic.  I'his  function  makes  maximum  u.se  of  available  l.arge 
Scale  Integration  (I»SI)  comiionents  for  the  baud  rate  generator  (Fairchild  F4702)  the 
universal  asynchronous  receiver/transmitter  (I’AltT-Harris  Hd  - (i-102)  and  universal 
miKlem  (Motorola  MC  tisiiO).  fse  of  standard  frequencies  and  data  rates  simplifies 
the  communication  interface.  On-site  maintenance  may  be  simplified  by  the  u.se  of  a 
"suitcase”  system  monitor  made  up  of  existing  commercial  [leripherials . The  data- 
comn  link  interface  would  serye  this  second  function  as  well. 

The  implementation  is  pictured  in  Figure  r)-2;i  and  summariz.ed  in  Table  a-22. 
The  left  interface  is  designed  to  work  with  the  parallel  output  of  a data  memory. 

Fink  information  would  b(>  stored  in  a FIFO  organized  data  file  available  to  any  of 
the  PF's.  The  communication  linkup  on  the  right  side  is  to  be  made  via  either  a 
direct  wire  connection  or  radio  link.  Further  study  is  required  for  this  specification. 


f igure  Data  Communication  Fink  Mlock 


lahii'  r>-22.  I’Airrs  i.isr  dai'a  commfnk'ations 


Function 

W'idth  Fins/ 
Power  (mW) 

2 

I ID-PI  02 

CMOS  FART 

0.(1 -10/50 

1 

Mr  c.Moo 

Modem 

0.  i;-24/:)00 

1 

Drive  Amplifier 

0.  :{-ig/50o 

1 

Limiter  Amplifier 

o.;$-ir,/;U)0 

1 

FI  702 

Clock  Generator 

o.;{-i()/.50 

:i 

CMOS 

Misc  SSI 

0.  :5-10/20 

Misc 

Discrete  Farts 

10  2 
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10.  RADAR  SYNrUKONI/.KK 

I'he  purpose  of  the  Riidar  Synchronizer  is  to  aeceirt  instructions  from  a control 
source  (computer)  and  translate  them  into  control,  data,  and  timing  signals  for  opera- 
tion of  the  radar.  It  also  provides  for  acquisition,  preprocessing,  formatting,  and 
transmission  of  resulting  target  data,  performance  measurements  and  status  informa- 
tion to  a data  link.  functional  diagram  appears  in  Figure  .")-24. 

Each  unique  period  of  radar  o[x; ration  is  represented  by  a preprogrammed 
block  of  instructions  stored  in  a microcomputer.  Subfields  of  these  iastructions 
control  kev  events  which  must  take  place  or  parameter  values  which  are  to  be  used 
during  that  operation,  rimes  at  which  these  instructions  are  to  be  executed  are 
accuratelv  controlled  bv  a lime  tag  subfield.  When  system  functions  are  scheduled 
b\  the  CFI',  the  correspfinding  control  instruction  blocks  are  placed  in  an  output 
qutiue  for  t r.ansmission  to  the  Synchronizer,  where  they  are  entered  into  a F'lFO 
command  que  to  await  execution. 

In  the  I’nattended  Radar,  a given  synchronizer  input  command  instruction  is 
defined  for  each  type  of  1*RP  to  be  executed.  Additional  instructions  may  define 
modifiers  tor  FRF  instructions  such  as  an  "end  of  range"  or  "generate  a test  target 
and  take  a FM  test  samf)li*",  etc.,  during  execution  of  a FRF.  Each  instruction 
contains  a time  field  (to  indicate  execution  time)  as  well  as  nuxle  and  data  fields 
required  to  [xirform  the  desired  action.  The  execution  of  FRF  type  instructions 
resets  the  radar  time  count,  thus  referencing  all  FRF  and/or  m(xitfving  and  supple- 
mental instructions  to  the  beginning  of  the  FRF  in  which  they  occur. 
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rhi-  ;ibovt>  c-onci‘i)t  of  oi)Oi':ition  is  important  l)i‘caiise  it  means  that  the  radar 
s\  stem  ojH'ration  is  prop;i-amm;ii)U' . Any  ivalizahle  set  of  operations  can  he  created 
within  a waveform  periiKl  and  anv  mixture  of  periods  can  be  scheduled.  The  C'lM'  is 
effectivelv  divorcee)  from  hijih-speed  real-time  operational  constraints  and  the  intri- 
cac\  of  radar  timintj  and  control  is  removed  as  an  influence  on  software  development 
and  maintenance. 

The  function  of  thi'  svnchroni'/.er  now  becomes  that  of  translatinj;  the  synchro- 
nizer input  ct)nimands  into  an  ordered  set  of  data  and  time  words  w'hich  can  o|x.'rate 
on  the  controlled  function  storage  registers.  The  require<l  format  of  the  data  and 
time  words  is  shown  below: 


Data  Word 


l ime  Word 


(1 

Data 

Address  (.')) 

Data  (Ki) 

1 



Time  .Strobes 

Time  Tag  (lb) 

^ Reset  Radar  Time  Counter 


■A  data  word  is  defined  for  each  iP-bit  bvte  defined  for  the  controlled  functions. 
The  data  field  is  broken  down  into  unique  subfields  for  a given  lf>-bit  byte  and  a 
specific  address  is  assigned. 

The  time  wortl  contains  a time  tag  field  which  is  compared  with  a radar  time 
counter.  Dn  compare,  time  strobes  are  generated  as  indicated  by  the  contents  of  the 
time  strobe  ficdrl.  The  reset  i-arlaf  time  counter  bit  allows  selective  reset  of  the 
radar  time  counter  at  the  beginning  of  each  PRP. 

The  orderefi  set  ot  data  and  time  words  an*  processed  bv  the  svnehronizer  out- 
[)ut  logic.  The  wfirds  are  ordered  with  the  data  words  required  for  the  next  control 
change  followed  bv  a time  woixl  with  the  corresponding  time  strobe  bits  set.  Data 
wonis  are  transferred  by  the  output  logic  as  soon  as  they  are  received.  Time  words 
are  held  until  a comjiare  occurs  between  the  time  tag  field  :ind  the  radar  time  count. 
When  a time  compare  occurs,  the  designated  time  strobes  are  prcxluced  and  the  output 
logic  advances  to  the  next  word. 
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Data  transfers  from  the  svnehronizer  to  the  controlled  radar  siihsystem  is  via 
a data  bus,  a 4 bit  address  bus  and  a data  strobe.  This  method  of  transfer 

minimizes  the  number  of  interconnecting  wires  but  does  require  local  address  decoding 
for  each  lC-t)it  t)vte  of  storage  register,  l ime  strobes  for  loading  the  second  register 
are  individuallv  (iistrii)ut('d  to  each  controlled  function. 

For  the  functional  parts  of  the  radar,  it  is  necessar\  to  effect  a simultaneous 
parallel  setup  eondition,  since  local  timing  is  not  provided  for  an  alternate  sequential 
setup.  The  widths  of  the  output  storage  registers  are  of  sufficient  size  to  hold  the 
setup  data,  gates,  and  strol)es  required  by  the  function.  Tlie  output  registers  are 
double  buffered  to  allow  functional  loading  from  a common  data  bus  wlien  addressed, 
and  the  transfer  is  made  to  the  second  register  at  the  time  the  data  to  the  controlled 
function  is  to  change.  In  this  manner,  the  integrity  of  the  Ki-bit  data  bus  is  preserved 
vet  allowing  n-number  of  lii-t)it  byte  fanouts  to  service  functional  requirements 
greater  than  the  data  bus  width. 

Setup  data  such  as  array  phase  and  amplitude  may  be  distributed  to  a single 
level  of  holding  registers  since  the  time  of  application  is  noncritical  within  the  time 
window  allotted.  Data  multipliers  are  used  to  redistribute  the  phase  and  amplitude 
as  required  to  program  the  array. 

Command  data  for  the  matrix  steered  array  may  l)e  distributed  to  the  different 
seetions  of  the  arrav  bv  using  four  l(!-l>it  words  arranged  as  follows: 


Level  1 


lii 


Ixivel  2 


1() 


Level  ;i-() 


8 

~7~| 

2 

□ 

1 

Arrav  symmetry  reduces  the  drive  requirements  by  a factor  2^  ^ at  the  level. 
Single  holding  registers  are  adequate  to  store  the  drive  control. 

The  translation  from  synchronizer  input  commands  to  the  ordered  set  of  data 
and  time  words  is  implemented  using  the  modular  l(5-bit  microprocessor  as  designed 


for  otluT  t nalli  tvii-d  Uadai  data  coni  roller  applications.  The  imi)ortant  character- 
istics and  Stops  of  the  translation  process  are  as  follows: 

« The  Iranshition  process  o|)erati‘s  on  one  I’RP  at  a time. 

« 1 he  I'ltP  ins|  ruction  is  translated  into  data  and  time  words  bv  a subroutine 

for  the  spi  i-ific  tv|n‘  PH  P iisin}'  information  from  the  instruction  and  a 
stored  data  base.  I he  generated  data  and  tiire  words  are  temporarily 
stored  in  a PUP  data  queue  in  the  pP  memorv. 

• .\lodifv  intt  and  supplemental  instruction.s  associated  with  the  PHP  are 
proeessial  in  a similar  way  and  stored  in  adflitional  data  (jueues. 

• All  data  queues  for  the  PUP  are  nu'rfted  into  a time  ordered  string  of  data 
and  time  words  and  output  to  a FIFO  buffer.  Time  and  data  conflicts  are 
resolved  during  the  merging  process.  If  a time  overlap  exists  with  the 
next  PHP,  an  additional  overlap  data  queue  is  generated  to  be  processed 
during  the  merging  of  the  next  PHP. 

This  svnehronizer  concept,  Figures  5-24  and  5-25  and  Table  5-2.5,  has  a num- 
ber of  advantages  over  more  conventional  implementations: 

1.  High  usage  of  TaSI  (in  pP),  reducing  1C  board  count. 

2.  Fses  standard  modular  pP  configuration,  reducing  number  of  different  kinds 
of  boards  in  the  svstem. 

5.  I nique  logic  of  the  svnehronizer  is  not  dependent  upon  the  specific  func- 
tions imi>lemented , allows  easy  adaptation  to  different  or  changing 
requirements , 

4.  Output  bus  concept  minimizes  output  signal  fanout. 

5.  I'he  instruction  set  for  the  microprocessor  controlled  svnehronizer  and  all 
the  flata  controllers  is  the  same,  e.g.,  each  microcode  nuimory  is  the  same. 
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11 . IFF  DATA  CON  riio  M.1;H  IMPl.KMKXTA  riON 

rtu'  IFF  Data  Coni rollrr  hardware  provides  for  conversion  of  the  analog  infor- 
mation output  from  the  final  receiver  into  the  digital  format  amenable  to  the  IVoees- 
sing  Klements.  The  final  rei-eiver  outputs  a video  pulse  to  the  IFF  data  controller. 

A half-amplitude  tieteetor  (Figure  5-2t>a)  accepts  the  IFF  log  video  ;ind  shapes  the 
leading  and  trailing  edges  of  the  video  signal  to  generate  T I.  compatible  pulses.  This 
pulse  output  is  generated  when  the  signal  amplitude  exceeds  the  .aO''  points  of  the  input 
video  pulse.  .A  pulse  wifilh  discriminator  in  cascade  with  the  fieteetor  further  reduces 
spurious  noise  triggering  bv  eliminating  pulses  which  do  not  exceed  a minimum  width 
requirement. 

'I'he  resulting  pulses  are  then  passed  to  the  Heph  Detection  I'nit  (Figure  5-2(il)) 
which  includes  the  bracket  decode  logic  required  to  determine  the  existence  of  bracket 
or  framing  pulses  (i.e.,  two  pulses  of  ap()ropriate  width  spaced  bv  20. :5  gs).  Cpon 
meeting  the  20. ,1  gs  spacing  criterion  for  a bracket  decode,  the  intervening  bit  code 
(maximum  of  l.t  bits)  is  outinilted  to  a buffer  as  a target  detection.  Range  is  deter- 
mined from  a range  counter  output  at  the  time  that  the  bracket  decode  occurs.  .All 
bracket  decodes,  together  with  the  intervening  bit  codes  and  the  range  count,  are 
output  to  a buffer  memorv  for  subsequent  access  and  processing  by  the  data  proces- 
sor elements. 

The  parts  list  and  [lower  requirements  for  implementation  of  the  half-amplitude 
detector  and  the  re()lv  detection  unit  are  summarized  in  Table  5-24,  with  a total 
jmwvr  requirement  of  (‘>.8  W . The  remaining  requirements  associated  with  the  IFF 
pro<'css  are  included  in  the  design  of  the  exciter  and  the  final  receiver,  with  the  data 
firocessing  of  the  digitized  fFF  returns  included  as  a sulifunction  of  the  dat;i  proces- 
sing subsvstem. 
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l AlU.K  r)-24.  IFF  DATA  C'UN  TROl.LFK  rOM!H)NFN  r SFMMAKV 


Parts  List  for  Hepl\  Detection  Fnit 


Width-Pins/ 
Power  (mW) 


20 

74LSDi4 

Shift  Register 

0.3-l()/l0H 

k; 

74  I>;103 

4 Bit  Counters 

0.3-l(i/l2S 

4 

74  LS73 

Flip  Flops 

0.3-1()/20 

10 

74  LS 

Total 

Misc  Control 
Hoard  Space/ Power 

0.3-10/70 
3o . 0 i n . /.j . 

List 

for  One-Half  Amplifier  Detector 

Width-Pins/ 
Pow'er  (mW) 

2 

Differential  Receivers 

0.3-10/100 

3 

74LSDi4 

Shift  Register 

0.3-10/108 

3 

Analog  Delay  Line 

0.3-10/100 

12 

Mlsc  Control 

0.3-10/100 

Total  Hoard  Space/Pow'er 


15  in.  /1. 8 VV 
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ri'Y  AM)  MAIN'I  A INAHIl  ITY 


!.  OH.IKC  1 1\  KS 

I'ht'  prinu*  ohii'clivcs  for  the  Reliability  Maintainabiliiy  (R  M i Program  rluring 
this  study  were  as  follow  s; 

• llvaluate  proposed  designs  for  compliance  to  R/M  requirements 

• Propose  s\  stem  reconfiguration  (when  requiredi  to  meet  R M requirements 

• 'iptiniize  designs  based  on  various  R M approaches  to  minim i/.e  cost, 

[lower  consum[ition  and  equipment  complexity 

• Provide  R M base  data  for  l ife  C'yclc  t ost  (I.CC)  models 

• Kvaluate  t'ach  projmsed  system  design  for  potential  graceful  rlegradation 

\’ar:ous  subsystem  configurations  analyzed  during  this  study  periixl  for  the  2-D 
i natt ended  Ravlar  are  shown  in  Table  ti-l. 

The  emphasis  in  this  i-eiiort  will  deal  mostly  w ith  discussion  pertinent  to  the 
aligned  li.e.  . aligned  DopiiU'r  filters)  [irocessing  system  aiiproach  since  this  ap- 
proach was  selected.  However,  note  that  a negligible  difference  exists  in  R/M  [ler- 
forrnance  for  the  unaligned  vs  aligned  signal  processor  or  data  [iroccssor.  For 
example,  an  addition  of  only  t\ui  nniltiw  ire  boards  are  re([uired  for  the  data  processor 
using  an  unaligned  [irocessing  a[iproach 

It  also  became  e\d(ient  in  the  early  sturlv  [ihases  that  using  micro[irocessors  for 
the  signal  processor  design  was  not  advisable.  Coni|)onent  comple.xity  r(>quired  for 
the  base  sign.il  (irocfasso)-  was  quite  excessive  com[iar(xi  to  the  other  two  a[i[iroaches. 
Considering  the  extensive  [lower  consum[ition  required,  as  well  as  the  inherent  unre- 
liability of  this  flesign  a[)[iroach,  no  further  investigation  was  conducted  at  that  time. 
Any  design  for  the  2-f)  system  can  he  configured  using  any  of  the  suggest ihI  a[iproaches 
shown  in  Table  tl-l. 


<i-l 


1 AI',I  f-  ‘ -1. 


ANA1.V/.1.I)  STSTKM  CONFI(;i  RATIONS  rOI{  2-1)  RADAR 


Suiisy  stem 

Itesigti  Fquipment 
Configuration 

Kqu  ipment  Configu  rat  ions 
lor  Higher  Reliability 

A rrav 

Delay  Hit  Sti'ciU'd 

Higher  Reliability  Components 

Matrix  Sw  itched 

Higher  Reliability  Co?nponents 

lapcmed  Delay  Steered 

Higher  Reliability  Compont'iUs 

IF  IFF  Rectd\(‘r 

< >ne  ( mly 

Duplex-Redundancy 

High  Reliability  Components 

Waveform  Generator 
Kxciter 

( )ne  ( )nly 

Duplex-Redundancy 

High  Reliability  Components 

•Signal  Processor 

Charge  t'oupled 
Devices  .Analog 
Processor 
(1  naligned/.Al  igned) 

Duplex -Redundancy 

High  Reliability  Com|)onents 

CMOS  Digital 

I’rocessor 

(Fn:d  igned/Al  igned ) 

Duplex -Redundancy 

High  Reliability  Components 

Data  Processor 

M icroprocessor 
(Fnal  igned  .Aligned) 

Duplex-Redundancy 

High  Reliability  Components 

Power  Supply 

< >ne  ( )nly 

Duplex  Redundancy 

Thf  array  confi^jurations  are  similar  in  roliahility  desiffn.  I'horpforc, 
very  little  difference  exists  in  their  reliability'  impact  on  the  system.  'I'he  majority 
of  the  desifoi  is  influenced  by  their  inherent  redundancy  (allowable  graceful  degrada- 
tion) due  to  multiple  parallel  paths.  The  impact  on  subsystem  reliability  due  to  the 
component  quality  levels  selected  for  the  design  was  considered  for  all  subsystems. 

The  requirements  set  forth  by  the  statement  of  work  are  shown  in  Table  (1-2. 
The  analyses  made  during  this  study  have  shown  that  these  requirements  are  reali- 
zabk'  for  the  l-^'  time  frame. 


T.XHI.K  0 

-2.  H .M  Sr.M.MAHV 

RK(,»I  ntK.MKN'rS 

2-1) 

3-D 

Reliabilit\- 

Note  1 

Note  2 

MTTH  (hi 

0.  .'■) 

0.  .9 

M (ct  1 at  !)0th 

m a.\ 

I.  o 

1.  r> 

Percentile  (hi 

Availahilitv,  t iper.itional 

Note  1 

■As  Determincxl  by  Reliability 
MTTR,  and  PM 
(tirowth  Potential) 

(Note  2) 

Availability,  Inherent 

,\s  Determined  by 
Reliability,  MTTR 
and  PM 

’ 

( >r t'vent i v e M a i nt en ance 
(PM) 

.2  h at  90  Day  Visit 
Intervals 

3 h/()0  Day  \'isit  Intervals 

Note  1:  'I'ho  Type  A radar  desisti  ;>nd  associated  investment  cost  curves  will 

he  made  for  operating  the  radar  without  intervening  maintenance  for 
[leriods  of  li-,  0-,  and  12-n.onth  intervals  with  allowable  graceful 
detrradation  which  maintains  the  detection  and  tracking  performance 
specified  in  par.  4.4  (of  the  work  statement)  with  a 0.9  confidence. 

Note  2:  The  Tvpe  li  rad.ir  dcsifjyi  and  associated  cost  curves  will  he  made  for 

operating  the  radar  without  interveninfi  maintenance  for  periods  of 
0..")-,  1-,  and  :i-month  intervals  with  allow.able  graceful  degradation 
which  maintains  the  detection  and  tracking  perfornuince  Sfiecified 
in  par.  4.4  (of  the  work  sUitement)  with  a 0.9  confidence. 


'I  he  2-1)  t nattended  Radars  are  capable  of  meeting  these  requirements  due  to 
their  unique  design  features  which  inclufle: 

« Design  for  modularity 

• Inherent  as  well  as  addtnl  redundancy'  design 

• Design  for  graceful  degradation  assuming  2-dH  allowable  sensitivity 
p<>r form ance  margin 

• .\’o  teclinology  limitation  lor  the  F’t’  l‘.)8o  time  frame 

• S<  If-fe.sting  with  automatic  switchover  of  redundant  elements /exjuipments 

• bocal  as  well  as  remote  performance  monitoring 


l ijruro  <1-1  shows  rin  ovorall  rolinhility  })lock  (iiat>ram  for  a 2-D  I nattcndcH^l 
Radar  usinji  a TM*  »S  di;;ital  si^:nal  processor,  delnv-hit  steered  cylindrical  army 
and  fidl  re<lundanc\ . The  compoiK'iits  selected  are  representative  of  hit^h  reliability 
devices  such  as  would  be  expected  to  be  procured  to  Mil-M-dHSlo  Class  A (lntec;rat(><i 
Circuits),  .1  \N  TW  ( Transistors,  Diodes ) quality.  The  corresponding  curve  of 
probability  of  succc'ssful  opc'ration  as  a function  of  time  is  shown  in  ri^ure  <<-2  w ith 
a three-month  preventive  maintenance  cycle  assumed.  .Also  shown  is  the  same  sys- 
tem usiiiR  J.AN  TX  transistors  and  diodes  and  Class  H2  intf'jirated  circuits  to  illustrate 
the  reliabilitv  advantafte  provided  by  the  hiRher  reliability  components. 

Plach  subsystem  rt'presented  by  a block  (e.  g.  , arrav,  receiver,  etc.  ) illustrates 
the  reliability  for  that  subsystem  after  a three-month  period  without  any  intervening 
maintenance.  However,  at  the  end  of  the  three-month  period,  a maintenance  team 
would  he  sent  to  the  site  to  replace  any  failed  equipment.  Each  block  also  indicates 
the  sub.system  mean-time-to-re|)air  (M'TTR),  and  the  maximum  repair  time  antici- 
pated for  onC  of  all  failures.  The  low  M'T'rR/iM  (ct)  values  are  representative 
of  fault  location  to  one  iioard.  ttn'T  of  the  time,  and  the  modularitv  concept  of 
the  equipment. 

Further  discussions  regarding 

• .System  reliabilitv  block  diagrams 

• SVstem  reliability  morlel 

• Component  failure  rates 

• .Maintenance  concept 

• Maintenance  design 
are  provided  below. 

2.  RKI.IABll.rrV  A.N'ALV.SIS 

a.  CKN’ERAl. 

The  reliability  of  any  sy.stem  has  a direct  impact  on  the  cost  of  spares  to  the 
system  over  its  useful  life.  This  paragraph  treats  the  reliability  impact  of  quality 
level  of  comjxments.  Improving  the  reliability  of  a sy.stems  building  block  (i.  e.  , 
using  better  military  components  vs  commercial  parts,  etc.  ) must  he  balanced  with  the 
resultant  acquisition  and  spares  cost  impact.  For  an  unattended  maintenance  concept, 
a radar's  reliability  has  a major  cost  impact  as  shown  in  the  life  cycle  cost  trade 
studies,  on  maintaining  a system. 


Figure  fi-1.  Overall  2-1)  Ratiar  Reliability  Block  Diagram 


riu'  racial'  type  c'licMimtcri'il  in  this  study  report  is  an  all  solid-state  radar. 
riK'i'c'  are  no  rotating,  and  or  moving;'  parts  treated  in  the  desi^s  ana)y/.('d  herein. 

I nlike  a ineehanicallv  rotating;  or  luhe-tvpe  radar,  the  all  solid-state  design  is  not 
prone  to  a wcairout  phenomena  within  the  desi^Tied  life  of  the  radar.  .Mthou^h  the 
basic  elements  of  a solid-state'  transmitter  are  reliable  and  many  can  fail  without 
degrading  the  system  to  a predetermined  and  acceptable  level,  the  failed  elements 
must  he  replaced  at  some  time  to  minimize  the  probability  of  a system  failure. 

I nlike  a conventional  radar,  a solid-state  transmitter  does  not  fail  in  a catastrophic 
sense.  Rather,  based  on  specified  system  performance  parameters,  one  determines 
when  a system  fails  to  p(>rform  to  desifrn  limits.  The  designs  described  in  this 
reiiort  allow  2-dH  degradation  to  system  sensitivity. 

Table  Ci-2  shows  the  following: 

• Subsvstem  Reliability  fi.e.,  probability  of  successful  system  operation  at 
the  end  of  the  specified  period)  for  maintenance  intervals  of  one,  two,  and 
three  months 

• Subsvstem  reliability  for  differing  quality  level  devices 

• SVstem  reliability  for  CMOS  (Digital ) and  CCl)  (.'\nalog)  processor  vs  the 
tvK  o steps  above 

I'he  conclusion  to  be  drawn  is  that  either  the  CMOS  digital  or  t'CD  signal 
processor  w ill  provide  a probability  of  successful  system  operation  in  e.xcess  of  0.  SI 
if  high  reliability  devices  are  incorporated  in  a functionally  fail-safe  system 
architecture.  This  b'vel  of  reliability  can  be  achieved  for  up  to  three  months  be- 
tvN ('(*n  preventive  maintenance  intervals  as  shown  in  Table 

b.  RKLI.-yiilUl  V Hl.OCK  DbXCRA.MS 

The  reliability  block  diagrams  shown  in  Figures  <i-3  and  Ci-4  represent  a base- 
line config\iration  analyzed  for  this  study.  Figure  ii-:i  reiiresents  the  complete  sys- 
tem using  a fligital  processor  (CMOS  devices)  and  a delay  bit  steered  cylindrical 
configuration.  I igure  (i-d  is  a reliability  block  diagram  of  the  CCD  analog  processor. 

This  block  diagram  refilaces  block  E of  Figure  b-.'l  when  applicable. 
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(l(MU‘r:il  coninii'nts  !h;it  apply  to  tliosc  block  ilia^rams  ;irc  as  follows: 

1.  8ci'i;il  c(|uipnunt,  (lci)iclod  as  ;i  single  m-liiic  Itlock,  represents  eciuipment 
where  a h.irdu.ire  f.aihire  results  in  a svstein  failurf'. 

2.  Itedundant  c><|uipmenl,  depicted  as  parallel  blocks,  represents  e<(uipment 
where  a hanlw.art'  biilure  only  degrades  performance. 

.‘1.  The  nuirber  in  the  lower  rif^ht  hand  corner  of  each  block  represents  that 
item's  (paantity  usap;e.  For  multii)le  redundant  units,  the  number  in 
thi'  lower  rijjht  corner  of  the  Iowct  two  blocks,  represents  the  total 
(]uantity  use<l  tor  that  confipyirat ion. 

4.  I'he  failure  ratr'  for  each  block  identified  is  listtai  ri^ht  below  the  block 

(e.t;.  , ,\  1.  <M.  Failure  rate  is  in  failures  per  million  hours.  'I  he  failure 

rati'S  d(  f)icte<i  rcpiresent  Mil-M-llhalo  Class  H-2  and  .IAN  'I  X components. 

5.  Redundancy  applicable  to  sensitivity  de^tradation  ('1  dR)  for  a particular 

equipment  function  is  identified  by  its  weip,htinK  factor  directly  below  the 
blocks  indicated  failure  rate  (e.  , multi  = 2). 

(i.  Redundancy  which  allows  for  successful  operation  based  on  M out  of  N 
oiierational  units  is  indicated  by  (M,  N)  (1,  2 ) below  the  failure  rate 
indicated  for  that  equipment  jjroup. 

7.  Performance  monitor  and  switchinji  circuits  necessary  to  implement 
switching  of  a good  unit  for  a failed  unit  is  includtHl  in  the  serial  equipment. 

8.  Since  there  is  a nesliftible  reliabilit>’  difference  for  each  of  the  three  array 
confitjurations  analyzed,  only  one  block  diattram  is  used. 

The  follow iiiK  information  is  pertinent  when  describing?  individual  subsystems 
shown  in  the  reliability  block  diaeram  sub.systems. 

1 . block  .\  - .Array 


Sub-block  a.  The  ft  x 2 ft  x 1.5  in.  column  feed  assemblies  are  basically 
passive  com()onent.s. 

Sub-block  b.  When  common  receiver  transmitter  cqui|)mcnts  fail,  they 
affect  both  transmit  and  receive  function.  .\  common  cir- 
culator functioniny;  as  a T 'R  switch  falls  into  this  catc^orv'. 


Sub-block  c.  A power  mixiule  or  its  associated  driver  is  representative 
of  equipment  in  this  block.  The  power  nuKlule  driver  form 
a part  of  the  intet?rated  transceiver  miKlule. 
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Suh-l)luck  d. 


l.cA\  -noise  rc'ci'ivcr  ninplifier  is  rc-presentativo  of  the 
eciuipnu'iil  in  this  i)lock.  l h('  receiver  is  also  f)ackal^ed 
within  the  integrated  recei\er. 

Suh-hloek  Drive  power  for  tiu'  (>4  elenumtal  transmitter  comes  from 
a power  pack.  The  power  pack  is  made  np  of  a predriver 
dris  in^  12  |»iwer  m<>du'es  whose  power  is  comhiiK'd  for  an 
approximate  7t  W of  power  output.  Sufficient  power  to  drive 
the  I'.t  power  imxlules  is  supplied  by  only  10  [jovver  pack 
moilules. 


2.  lUoek  H - Keceiver 

Xo  attc'iniit  was  made  to  optimise  the  receiver  for  redundancy  other  than 
duplexing  the  entire  function  after  the  first  stages  of  amplification.  Further 
im]irovem('nt  could  he  achit-ved  with  the  added  redundancy  to  this  Ironi  end 
whose  serial  f.ailure  rate'  contribution  is  included  with  the  receiver  serial 
('quipment.  Note,  that  the  failure  r;it(>  for  a single  channel  is  only 
11.2  ftiilures  10^’  hours  for  the  rcdund;int  portion.  For  the  2-month 
maintenance  intervals,  making  this  e((uiprnent  serial  would  only  reduce  th(' 
system  reliability  from  O.OM.aS  to  0.90.2.55,  for  Configuration  2 .system 
;ippro:ich. 

3.  Block  C - Kxciter  Waveform  (lenerator 

Due  to  its  relatively  high  failure  rate  the  exciter/waveform  generator 
equifiment  has  been  completely  duplexed,  where  possible. 

■1.  Block  D - Powt*!'  Supplies 

The  power  supiilies  ;irt‘  designed  to  be  bussed  into  a common  bus,  thus 
eliminating  anv  switchover  in  cast'  of  failure*.  This  technique  to  bus  power 
su|jplies  has  been  successfully  demonstrated  on  Ceneral  Electric's  System 
Technology  Uadttr  (formerly  designated  as  Site  Defense  Radar)  presently  at 
Kwajalein  Island. 

5.  Block  F,  - Digital  Signal  Processor 

Sub-i)lock  1).  Tiu*  magnitude  and  normal i/.er  function  has  had  ;i  ninth 

channel  added  for  redundancy.  This  ap|)roach  minimizes 
powi*r  consumption,  ac(|uisition,  and  sptires  cost.  The  per- 
ff)rmance  monitor  cafi.ability  monitors  the  output  of  each 
eight  channels,  and  initiates  switchover  to  the  ninth  in  case 
of  failure. 


jl 

r>* 

I 
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Siih-hlock  c.  U:tIluM-  lh;in  inipU'nicnt  :i  totallv  <lii|)l(>\c(l  Doppler  processor, 
one  Do|)t)ler  channel  with  switching;  :iml  monilorinj;  e:ip- 
ahiliu  is  used. 

KemainintJ  elements  of  ih('  (li^^ltal  signal  processor  h.ave 
been  ikiplexed  to  meet  relialiilitN  ntjuirements. 

I'  iRurt'  11—1  IS  the  rt'liahililv  block  dianram  represent.ation  for  the  Ci'Ii 
sitiiial  processor.  I'he  Doftpler  [trocessor  memon  Block  b ri'present inn 
in  chtmnel.'.  is  configured  inbi  2 nroups  of  8 chtmnels.  Dm'  to  lon'c-  s(>eed 
cwislrtiints  alternate  fre(|uencies  :ire  (jrocessed.  For  instance, 
fre<iuencies  1 ^ and  F;)  tire  processed  in  the  lirsl  n'roup.  The  resultant 
effect  of  a chtinnel  loss  will  be  negligible  to  overall  system  (terformance. 

It  was  necessaiw  to  duplex  the  remaining  eqi.ii[)ment  to  achieve  the  siiecifietl 
r e 1 i a b i 1 i t>'  r ('rj  u i r e m en  t s . 


G.  Block  !■  - Data  processor 

Sub-block  a.  Hedundancy  is  imiilemented  with  the  addition  of  one  multi- 
wire  board  containing  four  intuit  data  buffer  channels. 


Sub-blocks  .Associateil  with  each  program  memor\’  is  a itrocessor 
b./c.  element.  An  additional  [irogram  memorx- ''itroeessor 

element  has  been  added  to  im|ilement  four  fifth  redundancy. 


Sub-block  fl.  The  clutter  map  is  basically  a CCD  memorv  storage  channel. 
( inlv  19  of  these  channels  are  required  for  complete 
[lerformance.  I'he  remaining  e(|uipments,  as  shown,  are 
du|)le\i'd. 


7.  Block  (1  - Signal  Data  I’rucessor  1‘ower  Suiiplies 

I hese  powmr  supplies,  as  described  above  for  Block  d.  are  busse<l  together 
for  refiundanev.  Clearly,  reduced  power  su|)|)lies  <|uantities  will  be  re- 
quired if  all  power  supplies  are  packaged  such  that  associated  subsystems 
requiring  common  volttigi'S  can  be  furnished  from  one  su|)ply. 


HF.I.LABII.n  V M(  iDMl. 


A eom.puter  in’ogram  develoiied  bv  (leneral  Klectric  w:is  used  to  compute  the 
system  Mean  Time  Between  Failure  (MTBF)  from  the  data  in  the  reliabilit>-  block 
diagram  in  the  previous  section.  The  program  calculates  system  MTBF  taking  into 
account  rediiniiancy  and  allowable  degraded  operation. 
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The  relint)ility  annhsis  assuriu's  that  failure  rate  follows  the  exponential 
(iistrihuti<m 


U(t.  e 


(ti-l ) 


\\  here 


U(t»  = i’robability  of  success  (i.c.  , the  probability  that  0 failures  occur 
in  time  ti 

\ = Linistant  failure  rate 

The  MTHK  of  a ttiven  unit  with  the  [probability  of  success  or  reliabiliU’  of  R(t) 
is  j^iven  by  integrating  over  ail  time 


/ 


MTI4F  = I Hit)  (it 
0 


((S-2) 


The  mcxlel  depicting  the  interrelationships  shown  by  the  reliability  block  diagram  is 
illustrated  bv 


MTHF 

S\stem 


T 

= J Klti^  (it  • J Rtt),, 


dt 


(G-3 1 


where 

Rit)  = The  probability  that  0 failures  will  occur  in  the  redundant  portion  of 
the  system. 

T = The  Preventive  Maintenance  Schedule 

R(t).^  = The  protiability  that  0 failures  (jccur  within  the  serial  comp(ments  of 
the  system 

MTHF  = The  equivalent  M'l'HF  of  redundant  equipment  which  can  be 

Steady-State  repaired  on-line. 


li-lf) 
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i 1h'  si'Conii  term  of  foiuation  i;:.  haiuUofi  by  the  addition  of  all  those 

di‘sif,niated  serial  faibita'  rate  units  in  the  sysivm.  Ihe  mathematics  for  redundant 
elements  <if  the  model  are  handleil  somewhat  differentlv.  A discussion  of  the 
redundant  rt'lated  ('lectronics  follows. 

The  electronics  ('((uipnu'nts  f(;r  the  2-1)  Kadar  are  of  two  types; 

f.  Those  subsystems  which  have  system  det^radation  associated  with  them 
ideKi'aflahle  sufisystems ). 

2.  Those  sub.systems  which  have  a specified  minimum  number  of  elements 
which  must  l)e  operable  for  that  subsystem  to  be  operable  f.M-out  of 
N-subsy  stems  i. 

The  follow  inj;  characteristics  (d  the  dcRTadable  subsystem  are  needed  as 
pro^rram  inputs: 

1.  The  niur.ber,  Nj,  of  parallel  elements  making  u|)  subsystem  i (all  elements 
assumed  uientical ). 

2.  The  failure  rate  of  an  element  (assumed  to  be  cKjual  for  all  parallel 
elements/  in  syb.svstem  i (Ap  given  in  failures  per  10^'  h). 

3.  The  dit  multiplier  for  that  subsystem  (MIT/Tp,  an  integer  used  to  account 
for  the  fact  that  elements  of  various  subsystems  affect  the  degradation 

of  the  SNR  of  the  system  differently. 

.SNR  can  be  expressed  as: 

SNR  K Ibj,  r..,. 

where 

K is  a constant  including  all  oth(*r  variable's  in  the  radar  equation 
is  the-  average  transmitted  power 

G,j,  and  are  the  transmit  and  receive  gains,  respectively. 

The  flegradation  in  SNR  is  expressed  as  the  rlH  loss  |)cr  element  of  the  .sub- 
svstem  ( 10  lo^;  / scaled  by  a multiplier  of  1,  2,  or  3 to  indicate  which  comhina- 
tion  of  Ibj,,  G.J.,  and  Gj^  are  affected. 


Vhi'  following  i-h;ir;tct('ristics  of  .in  M out  of  N typo  siilisysfc'tn  arc  noorlod: 

1.  N,  tho  total  ri'.mihor  of  ('Irnionts 

2.  \ assnmod  to  ho  of|ual  for  each  of  tho  parallel  olomonts  in  the  subsystem 


3.  The  minimum  number  of  eU'inents,  M,  whieti  must  be  operating  out  of  the 
total  number  of  elements,  N,  for  the  subsystem  to  he  consificred  operative. 

The  reliabilitv  of  this  M out  of  N subsystem  can  be  found  exactly  by  examining  the 
binomial  e.xpansion  of  tlu'  function. 


f(t)  ^ ( p(t ) • ipti  I ^ (<'>-•■)) 

where 

pd)  is  the  probability  that  one  clement  has  not  failed  in  the  time  interval 
(0,  t)  and  is  t;iven  by 

pUi  ^ e”'^^ 


qiti  is  the  probability  th:it  one  clement  has  failerl  in  the  interval  (0,  t)  and 
is  given  by: 


q(t ) = 1 - p(t ) 


(f)-7 1 


Expending  E(|uation  (0-5)  (and  dropping  the  independent  variable  t,  for  convenience) 
yields: 


.\  ..  N-1  N(N-l)  N-2  2 , 

fit)  = p • N))  ()  • —5 ^ P q + 


XT  N-1  N 
t N)K|  ♦ q 


where  the  (r  • 1 ) term  is  given  by 


n: 

r’.  (N-r)’. 


N - r r 
i>  q 


(0-8) 
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Till'  tfrm.s  in  llu'  abovf  cxiiro.ssions  can  he  mtci'iirctcd  as  f(Jllov^s: 

1.  The  lirsl  term  reprosents  the  prohahilit\  that  all  elements  are  operative 
(iio  failures  ha\e  occurred). 

2.  Thi'  second  term  repia'simls  the  probability  that  all  (denienls  but  one  are 
still  o|)erative. 

2.  The  (r  » 1)  term  represents  the  probability  that  )N-n  elements  are 
operative  while  r elements  have  failefl. 

The  com))uter  protjram  assesses  the  reliability  and  MTltF  f>f  the  system  as  a 
function  of  h<>w  often  replacement  to  the  failed  distributed  electronics  takes  place. 

This  replacement  takes  place  durintt  scheduled  preventive  maintimance. 

When  prevc-ntivc’  maintenance  allows  for  replacenuml  cjf  failc*d  redundant  erjuip- 
naait  on  the  array  before  the  allowable  2-dH  def^radation  in  perfornuince  occurs,  then 
the  probability  (;f  :i  system  outage  at  time,  t,  is  minimized.  This  reduction  of  the 
probability  for  a system  failure  is  dependent  on  how  often  the  .s>stem  is  scheduled  for 
preventive  mtiintenance.  The  MTHK  for  the  rariar  increases  as  the  fretiuency  of 
|)rcventive  maintentince  increases. 

d.  COMPONENT  FAlI.rUK  H.ATL'S 

For  the  most  p.art,  predictions  were  performed  usin^  techniques  and  data 
primarily  frf)m  Mil-Std-TailA  and  Mil-llDRK-21715  (Ueliability  Prediction  of 
fileclronic  K(|uipment  l Notice  1 dated  1 September  197(5.  Failure  rates  from  Mil- 
ildbk-217H  were  derived  by  using  techni()ues  cit(*d  by  par.  2.0,  "Parts  Count  Reli- 
ability Prediction".  Table  (i— I is  a summary'  of  the  environmental/quality  factors 
used  for  predicting  failure  rales. 

During  this  study  an  investigation  was  made  as  to  the  reliability  (failure  rates) 
for  representative  semiconductor  us('d  during  the  AN/TPS-.IO  (Marine  Corp  radar 
presently  being  fieUl  tester!  i rievelopnumt  and  acceptance  test  phases. 

Table  0-a  is  a summary  of  general  classes  of  semiconductor  data  derived  from 
these  tests  .and  representative  failure  r.ates  used  for  this  study  rc|K)rt. 
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TAHl.K  f;-l.  UK  I’KKSKN  rATIVK  COM  l'(  )N  KNT  KNV1U(  )NMKNTAI,/ 
t^l  AKITV  I A('T()US 


C^ual  itv 

Stress 

Uepi'('sentat  i ve 

Level 

Level 

Aml)ient 

Component 

Knvironment 

(S) 

'I'emp 

Semiconductca's 


•TAX  TX  C.F 

II.  r, 

JAN  TX  \'  CK 

0.  rt 

IC's 

50','  5o°C 

Class  H-2  (JH 

5 

Class  A CH 

0.  5 

Established  Uel lability 

Components* 

Ba  sc  Cl  I' 

1.0 

High  Reliability  CL 

0.5 

* For  capacitors  and  resistors 

TABLE  b-5.  AN/TI>S-5'»  UFLlABll 

.1TV‘  FA  ILL 

RF  RA'I  F DATA 

Failure  Rale 

‘S  ( Fa  dure  1 0*’  h) 

Com[)onent  Tyjie 

Study 

IC’s 

an7ti’S-5;i  ’ 

’ RetMirt*' 

A nalog 

( iperational  Amplifier 

0. 5:i 

Linear 

1.25 

Digital 

LSI  (Bi()Olar) 

0.  55 

1.  (> 

MSI  (Bipolar) 

0.44 

0.  4 

SSI  (Bipolar) 

0.  1 

MOS  (LSI) 

0.  72 

1.8 

CCD 

2.2 

• Uffirc'sctiKiIi v<*  f.iiliirc  r.iU's  h;isc-(l  on  point  rstiniatos. 

Data  for  AN/TPS-r)‘»  over  1.5  yrs  of  to.stinf;  during  which  all  extremes 
of  r-nvironmenlal  conditions  (vxistcvl. 


•*MII,-.STI)-217H. 
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M A L\  r A IN  A H 1 1,  n Y A N A 1 .YSIS 


a.  MA  IN TK NANCE  CONCKl'T 

rho  2-1)  I nattindc'd  ICidar  site  will  he  oporatod  continuously,  ut  a ulili/.ation  of 
8,7r,(i  h vr,  (■':c('pl  for d(  vuil  imc  to  [lorform  preventive  maintenance  or  dfAvntimc  to 
maki'  repairs  due  tcj  systi'in  oufaf^e.  One  depot  icentral  centre)!  siteo  is  assifitH'd  to 
support  If)  surveillance  radars  as  dirccteei.  Sensitivity  te>  Itiis  ^lideline  is  examined 
in  the  operatie)n  anel  mainttmance  ce>st  discussions  below.'*  This  depe)t  will  contain 
all  the  softw arc  computer  capability  to  sustain  operation  of  its  assif^ned  radars. 

Dif^ital  outputs  from  each  radar  will  l)e‘  transmitted  to  ds  re-spectivc  elepot  where  the 
rlata  will  be>  handled  on  a time-share  basis.  'I'his  data,  in  adelitie)n  to  target  infornia- 
tion  data,  will  contain  raelar  performance  dat:i.  'I'he  raeiar  is,  therefore,  elesi^ned 
with  provisions  for  on-line  and  continuous  performance  monitorins. 

In  the  event  of  a system  failure  or  system  elefjradation,  further  data  reduction 
of  transmittefi  data  i)btained  from  the  performance  monitoring  tests  will  provide  the 
capability  to  isolatt'  failures  to  a major  element  or  subfunction  of  the  radar. 

The  otierating  anri  maintenance  center  at  the  depot  will  be  continuously  manned 
by  an  operations  director  who  w ill  monitor  the  operation  of  the  unmanni'rl  radars  by  a 
maintenance  control  [lancl  and/ or  hardcopy  printout  from  a central  computer.  In  the 
event  of  a fault  indication  at  a radar  site,  he  will  identify  the  fault  location  to  a 
specific  function  of  the  radar,  such  as  the  transmitter,  etc.  He  will  then  dispatch 
a maintenance  crew  to  the  affected  radar  site. 

The  depot  will  contain  a ItfO'V  comiilement  of  spares  for  the  unmanned  sites 
un<ler  its  control.  The  maintenance  crew  will  select  the  complement  of  spares 
required  to  repair  the  faulted  function.  In  addition,  all  tools  and  test  equipment 
required  to  make  the  repair  w ill  be  carried  by  the  maintenance  crew.  Hepair  at 
each  site  shall  consist  of  the  removal  and  replacement  of  a failed  unit.  The  failed 
printed  circuit  boards  (PCB's)  and/or  modules  will  be  returned  to  the  depot  for  repair 
or  disposition.  I'he  rlepots  shall  have  the  capability  to  test  and  repair  all  faileii 
I'CH's  or  modules  from  the  unmannofl  sites. 


* Previous  effort  (<•.  g.  , I nattended  Hadar  Study  Contract  performed  !)>•  (IK  for  the 
t'SAE  Electronics  Systems  Division  in  11)74)  have  addressed  the  relative  economy 
of  various  depot-fo-rarlar  ratio. 
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MAIN  I KNANCK  1 KA  I t Ui;> 


rhf  2-1)  K.ni.ir  i.-  fii.sils  m:i  iiuaincd  by  t\^<l  tochnicians.  A Skill  Level  r>  (I  SA  1- 
definil  ion  I is  capable  o|  the  remove  replace  philosophv  advocated  for  this  radar. 

I hi'  teehnici.iim  .erform  the  followintJ  tasks: 

• I itisi  rvation  of  the  built-in  performance  monitoring  status  dis|)lav  panel 

• Corrective  rr.aintenance 

• Routine  scheduled  maintenance 

• Depot  repair  of  faulty  sutiassemtd ie.s  to  the  component  level 

The  two  ;is()ects  of  the  2-1)  Radar  dcsitin  most  responsible  for  the  minimal 
maintenance  requirements  are  i^M’adutil  degradation  through  inherent  and  arided  re- 
dancy  permitting  maintenance  to  be  deterred  and  automatic  data-processor-conlrolled 
lierformance  assessment  and  fault  detection  'location  procedures. 

Some  of  the  built-in  features  of  the  radar  hardware  desif^n  which  contributed  to 
short  repair  limes,  sab'  m.aiiUenance  actions,  rtnluced  manpower  requirements, 
minimal  requirements  for  special  test  instruments,  and  low  operational  costs  over 
the  life  of  the  system  are; 

• maintenance  console  which  presents  comprehensive  status  information. 

• Circuit  cards  in  the  processing  c^quiiiment  replaceable  without  disturbing 
.system  operation. 

• NUxiular,  lightweight  replaceable  subassemblies,  easily  handled  by  one 
man.  The  largest  heaviest  being  the  column  feed  assemblies  (5  ft  \ 2 ft 
\ l.'i  in.  ) weighing  hO  lbs. 

• Replaceable  subassemblies  of  the  same  type,  mechanically  and  electrically 
interchangi-able. 

«.  All  replaceable  subassemblies  mountiHl  with  captive  hardware. 

• Re()laceai)le  cards  keyeil  to  prevent  the  accidental  introduction  of  a 
w rong  card. 

• Replaceable  cards/subassemblies  having  accessible  test  points  and  adjust- 
ment controls  where  re<iuired. 

• Special  tools  and  test  equipments  minimized  through  incorporation  of 
standard  hardware. 
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• Spccinl  hom'd  tester  :it  tiie  site  useii  to  verih  f;iulh'  honrtis. 

• Swinttout  rncl<s  :iivi  p'lll-out  drawers  to  provide  accessibility’  to  replaceable 
subasseniblii's. 

• Nee<!  for  scliedide<!  depot  repairs  eliminated. 

Ki’Confit;uration  h\  the  c/ti-htie  performance-  reionitor  provides  a siKnificant 
increment  to  svstem  perform.'ince.  Heconfitturation  is  perfornu-el  in  order  to  com- 
pensate for  a particular  faidt.  For  exami)le,  if  one  of  the  two  waveform  generators 
fails,  the  ^ooei  wa\  eform  generator  is  switched  to  the  on-line  position. 

By  inji-cting  test  signals  into  the  element  receivers  and  sampling  the  elemental 
transmitter  outputs,  the  daUi  processor  can  c(jntinuously  monitor  the  array  for  per- 
formance degradation. 

c.  FAl  l.T  LOCATION 

A review  has  been  made  of  techniques  applicable  to  P.M/FL  testing.  Fault  loca- 
tion for  the  2-1)  Itadar  is  expected  to  b(>  an  off-line  process  which  will  test  hardware 
in  a sjfiuential  manner,  locating  faults  to  a replaceable  equipment  level.  The  2-D 
Hadar  fault  hjcatiiai  proce<lure  will  be  cajjable  of  isolating  a fault  directly  to  the 
C(iui()ment  level  that  is  spared  and  replaced  by  the  technician.  Examples  are: 


Digital  signal  proc(>ssor 

1 board 

Data  processor 

2 boards 

Waveform  generator  'exciter 

1 board 

Ileceiver 

2 boartls 

Arr.ay 

'Iransceiver 

1 module 

Power  [lack 

1 module 

fl.  F.(,!F1I‘.MENT  ItEPAIIt 

The  easily  rc-placeable,  lightweight  modules  in  the  2-1)  Hailar  allow  maintenance 
technicians  to  [u-rform  the  typical  ecpiipment  rejiair  in  less  than  the  specifiixl  .‘10 
minutf's.  The  types  anri  (luantities  of  rciplaceablc  modules  in  the  radar  are  listixl  by 
subsystems  in  'I'able  (>-(i.  Inchuled  are  subassemblies,  plug-in  wiring  boards,  and 
other  miscellaneous  components. 
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TAHl.K  C.-r,.  ItKl'l.Al’KAlll.K  I’NI  TS 


Sub.system 

NAjmenclature 

t^ty 

Type! 

Array/Klectronics 

Column  Fei^l  .Assemblies 

25f, 

1 

Type  1 Digital  P.oards 

r> 

0 

Integrated  Transceivers 

r.4 

1 

F.qui[)inent  Plates 

1 

1 

Receiver /WFC  F.xciter 

Analog  Hoarrls 

12 

(i 

Digital  Hoards 

2 

a 

Equipment  Plates 

2 

1 

CCD  SiRnal  Processor 

l arge  Digital  Hoards 

15 

5 

CMOS  SiRnal  ITocessor 

Large  Digital  Hoards 

51 

<1 

Data  Processor 

l-arge  Digital  Hoards 

18 

5 

Power  Supplies* 

20 

( 

♦Total  quantity  of  power  supplies  could  bo  roducod  to  fourteen  (7  seven  for 
re<iundancy)  depending!;  on  final  packaRin^. 

The  majority  of  the  ref)laceablc  items  can  be  hantlled  by  one  man.  I'he  only  item, 
that,  because  of  bulk  and  size*,  may  re<juire  two  men  is  the  Column  Feed  assembly 
(5  ft  X 2 ft  X I..}  in.  anri  3olbsi.  All  other  units  weiRh  from  a few  ounces  to  a few  pounds. 
The  mechanical  replacement  of  all  modules  rcxiuires  little  specializcnl  technical  skill. 

The  pre<Iominant  type  of  repair  on  the  array  involves  reidacing  subassemblies 
(intc-Rrated  transceivers).  All  (xpiipment  repairs  are  made  with  fully  intcrchanRcable 
subassemblies.  .All  other  subassemblies  are  housed  in  three  cabinets  located  in  the 
array  dome  structure. 

The  o(|uipment  area  is  ;i  14-ft  diameter  room.  .A  workbench  is  supplied  w ithin 
the  room,  and  ample  space  is  provided  to  test  b')arfls.  The  two  processor  cabinets 
house  the  siRTial  processor,  data  processor,  receiver,  associated  power  supplies, 

IFF  (-(juipment,  and  microwave  communication  equipment,  I'he  transceiver  cabinet 
h<juses  the  array  harriware  and  waveform  Rcnerator,  exciter. 
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lU  IX-KTAHV  J-D  UADAli  I’lUK'rUK M KNT  SC’IIKDrLK  AN'l)  COSTS 

1 . 1)K\  FCOfMK.N'T  AN'l)  ACCjl  ISlTloX 

t.'ust  f.stmiati wore  prepared  lor  the  development,  validatujn  testing  and 
production  of  eighty  --T)  rnattended  Uadars.  A nominal  scheflule  is  shown  in 
Figure  7-1.  The  Fngineering  Development  Contract  phase  proviiies  for  the  develop- 
mi'iit,  fabrication,  and  testing  of  three  pre-jiroduction  units  which  are  used  to  pro- 
\ ide  tlu’  design  confidence  prior  to  production  go-ahead.  Two  of  these  units  are 
reser.cd  for  extensive  lU'l iabil it\  testing  because  of  the  very  high  reliability  dt'- 
manded  by  these  radars.  Testing  of  twi;  full  systems  plus  sidected  subsystems  am.1 
analvtical  extrapolation  of  the  results,  w ill  provide  the  re(|uired  level  of  confidence 
before  committing  to  a full  luaxluction  run. 

The  priKluction  phasf'  includes  the  fabrication  and  testing  of  a first  [inKluction 
article,  followc-d  hv  full  priKluction  at  a rate  of  four  units  per  month.  'I'his  rc[)resents 
a reasonable  [iriKluction  rate,  which  could  he  increased,  if  desired,  because  of  the 
relative  sini[)licify  of  the  radar. 

In  arriving  at  the  budgetary  costs  associated  with  this  schedule,  it  was  assumed 
that  the  follow  ing  ittuns  are  to  bc'  Cov ernment-furnished. 

• Tran.sportation 

• llelu-opter  Serv  ices 

• I Ower  :ind  I'er.sonnel/Storage  Shelters 

• Site  i'ri-paralion 

• I'riiiK'  Power 

Costs  were  likewise  not  included  for  technical  orders,  training  and  instruction  books, 
and  s()ares. 
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ir<‘  7-1.  2-1)  — I)evHo|)m(‘nt  and  .Acquisition  Schciiulc 


nl’KKA  noNS  AND  M A INTKN  ANCK  DOS'I  S 


.1.  IN  ri{(  )DI  (’TK  )N 

riu'  life  cvelo  cost  ot  opcriilion  ;inii  nKiinlcnancc  is  :i  princi|);il  hiclor  m the 
choice  liot’wei'ti  nlternativi'  desi^is  for  the  2-1)  rnnltenfied  Rnfinr.  The  cniidifiate 
confij^urntions  discussed  tierrin  include  two  K F and  two  sif^nal  processor  dosif^ns. 

This  report  includes  the  follow inji;  items  as  Operational  and  Maintenance  (O^i.M) 

costs; 

• Initial  ami  Iteplacement  Spares 

• Material  t'ost  of  Repair 

• l.ahor  Cost  of  Ri'pair 

• Supply  It(un  Manaiif'inent 

• Prime  Power  Costs 

• Tc‘st  K(|Uipment  Cost 

• Transportation  Costs 

The  key  assumptions  made  in  the  course  of  thc'  analysis  are: 

• No  on-site  component  repair 

• All  ctist.-i  based  on  l!(7ti  flollars 

• All  spares  arc-  priKiuced  dui  inf?  initial  system  construction  or  no  retooling 
is  requiri’d  to  construct  new  spares  during  the  system  life 

• Radar  life  is  20  yrs  with  no  salvage  value 
h.  COST  M l-rn  101)01, 0(1  V 

The  2-D  Rad;ir  can  lie  liroken  into  17  main  categories  to  he  costed.  Thirteen 
of  these  categories  are  common  to  all  designs.  The  remaining  four  comprise  the 
differences  between  the-  systc-ms. 

'i'hc-  component  categories  are  listed  in  Table  7-1.  .-\ssociatiHl  with  each  cate- 
gor\'  are  the  following: 

• Failure-  Rate  (failure's  per  10*’  h)  FR. 


Pc'rcentage  contk-mnc'd  upon  failure 


C(  )NI). 
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TAHI.K  7-1.  SYSTEM  CX)M  POXEX  I I’AHAM  ETEHS  (2-1) ) 


Noic.«:  1.  C.M<  )S  .Si>,Tial  I'r.iccs.si.r  \lM'.Tr:in'.‘t.Tn  for  Hcli.iMIltv  I evil 

2.  C'CDSirfnnl  Processor 

3.  TapertKl-DriNf  Matrix  Switched  Arrav 

4.  Hit  Stc*fre«j  Arrav 


I 


• dn-sit(>  l.'ihiir  ci\ mh  to  HMlt. 

romovc  ami  replace  faulty  coniiHmcnts) 

• Depot  labor  (average  mh  to  repair  D.MIl. 

faulty  eompiinent) 

• Average  lU'pair  parts  cost  Kl’t'. 

• Number  of  t\  pes  of  componenls  in 
this  cale^on  . ami  the  <iuantity  of  each 
type 

With  rosiX'Ct  to  the  last  item  listed  above,  three  of  the  cateRories  contain 
different  t\  pes  of  compoiu'iits.  f or  example,  the  "I.arRC  Hoards"  ctiteRorv  contains 
up  to  20  different  larRO  boards  and  the  "Lew  ehirrent  Power  Supply"  cateRor\-  contains 
(i  different  ])ower  suiiplies.  Costs  and  parameters  for  these  cateRories  are  determined 
as  weiRhtexi  a\-eraRos  across  all  types. 

Table  T-1  lists  the  parameters  for  the  four  systems, 
c.  .MAINTENANCK  CONCEPT  EFFECTS 

The  followinR  assumptions  are  made  concerninR  the  maintenance  concept: 

• There  is  no  on-site  rt'pair  of  failed  components. 

• 'The  nettinR  policy  has  not  been  determinixl,  hence,  costs  arc  to  be 
determin('d  on  a per  site  basis. 

• 'I  wo  maintenance  men  per  trip. 

• Preventive  maintenance  trips  will  be  made  when  the  probability  of  success- 
ful operation  has  firopiu'd  to  0.9. 

• Remote  fault  detc-ction  and  location  is  accurate  enouRh  to  |iredict  the  failed 
comi)onc-nt  to  within: 

2 analoR  iioarris  lb)'  ’ of  the  time 
2 diRital  boards  ooh  of  the  time 
1 row  transmitter,  receiver,  power  supply,  etc, 

• < me  helicoptc'r  team  jier  (U'pot  (affects  only  tt'st  e<(uipment  cost) 

• 'The  term  "depot"  refers  to  the  loRistic  nodes. 
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d. 


I'KST  Kgl  IPMKN  r COSTS 

Two  sols  of  tc’sl  0(|uiptiiont  arc  rO(iulrcd;  the  ceiuipmcnt  transported  to  the  site 
(oi'  possibly,  kept  at  c'ach  site)  anti  tlie  depot  test  station.  Taldc  7-2  is  a list  of  the 
test  ei|uipmenl  retpiircd  at  the  depot.  (Costs  are  approximate,  and  in  197(i  dollars). 

A yearly  maintenance  cost  of  five  percent  is  assumed.  'I'his  cost  re[)rcsents  repair 
and  calibration. 

Co.sts  lor  the  transjKjrtable  equipment  arc  assumed  to  be  $20,  000,  plus  $1000/y 
calilu'ation,  and  maintenance  cost.  The  total  life  cycle  cost  for  each  depot  is  then 

Odfioo  + o.'ifion  + (20,  000  r20)  (looo) ) n = tec  (7-d 

where  N is  the  numljcr  of  repair  crews  for  each  depot.  Assuminf^  1 re[)air  crew 
per  depot  and  (1  depots,  the  total  test  equipment  cost  is  $1,  3(53,000. 

c.  KEI.L-Ufll.ITY  C' A'SIDEUATIONS 

The  baseline  approach  to  component  reliability  was  to  desi)?n  the  svstem  using 
MIL-M-38510  class  B-2  integrated  circuits,  JAN  TX  discrete  components  and 
established  reliability  resistors  and  capacitors,  evaluate  the  probability  of  successful 
oijcration  as  a function  of  time,  and  upgrade  components  as  required. 

The  following  ground  rules  were  derived: 

• Increasing  reliability  from  class  B-2  to  class  A produced  a ten  to  one 
increase  in  component  mean-time-between  failures  (MTRF)w’ith  a two- 
to-one  cost  increase. 

• Increasing  reliability  from  JAN  T.X  to  JAN  TX\’  produced  a two-to-one 
increase  in  component  MTBE  with  a two-to-one  cost  increase. 

• Class  A (or  equivalent)  quality  versions  were  available  for  all  integrated 
circuits  use<i.  J.'XN  TX\’  quality  versions  were  availabU'  for  all  discrete 
components. 

Four  levels  of  reliability  were  evaluated: 

1.  'I'hc  baseline  approach  (using  JAN  TX  and  class  B-2  components) 

2.  Conversion  of  all  class  B-2  to  class  A components,  thus  reducing  the 
failure  rate  of  all  large  digital  boards  by  a factor  of  10.  This  approach 
affects  only  the  signal  and  data  processor. 
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I'AHl.K  7-2.  TKS  T Kl^UMPMEN  r C(  )S'I'S 


Hffjuirod  Efiiiipmcnt 

Cost 

Anai<j};'  iWjnrd  Tcastor 

$8,200 

Digital  lioard  'J'rstci' 

40,500 

Tools 

4,400 

Power  Svi|)i)lies 

4,  000 

Oscilloscope 

5,  700 

.Sweep  (ienerator 

5,  000 

SLt>nnl  Generator 

0,400 

\'T\’M 

2,  700 

VOM 

200 

Power  Meter 

.8,  000 

HP  Couplers 

000 

Misc  Cablcs/Adapters 

1, 000 

WSVVR  .Meter 

1,200 

Spectrum  .Analyzer 

8,  500 

Attenuator 

1,400 

98, 000 

Maintenance  (.')'-/vri  20  yrs 

98. 000 

Total 

$187, 200 
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Conversion  ol  all  -JAN  TX  eoni[)onents  in  serial  portions  of  the  analog  and 
array  sections  to  JAN  TW  components.  (Class  A comiionents  again  used 
in  the  signal  and  data  (irocessors.  ) The  serial  portions  of  the  system  have 
a flom inant  effect  on  the  failure  rate. 

1.  Conversion  of  all  remaining  JAN  TX  components  in  the  analog  and  array 
sections  to  JAN  'I’W  components. 

The  criteria  usckI  to  evaluate  the  reliability  is  the  time  at  which  the  probability' 
of  successful  operation  drops  below  0.  i). 

Figure  7-2  is  a plot  of  probability  of  successful  operation  for  these  four 
aiiproaches  as  a function  of  time.  It  is  seen  that  there  is  virtually  no  tiifference  . 
between  3 and  4. 


I igur<*  7-2.  I’roliahility  of  ftnoration  for  Four  UeliahiliU’  Options 
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Assuming'  thu  pi’cvunt i\'0  maintenance,  I’M,  actions  occur  when  the  ()robat>ilitv 
of  successful  operation  drops  lielow  0.  it,  then  Figure  7-2  can  be  used  to  deterniine 
the  required  time  between  I’M  trips,  Al’M 

( iption  A I’M 

1 22  days 

■>  80  days 

o 100  days 

■1  loO  days 

With  this  information  the  most  cost-effect i\e  reliability  level  can  be  deter- 
mined, based  on  the  cost  of  a trip  to  the  site. 

'I'he  cost  of  transportation  includes: 

• Cost  of  helicopter  usage 

• Cost  of  helicopter  fuel 

• tmst  of  pilot  and  crew  while  in  flight  and  waiting  at  the  site 

• Cost  of  maintenance  crew  in  flight  and  while  performing  I’M 

I'he  following  guidelines  are  derived; 

• Seven  hours  total  time  from  departure  to  return 

• Four  hours  flight  time 

• I'wo  helicoiiter  costs  used 

ynp  lb  payload  $lo()0/trip 

3oo0  lb  pa\doad  $30no/trip 

• 'I'wo-man  maintenance  crew  at  $20/mh 

itased  on  the  above  assuir.iitions,  total  cost  per  trip  (Cl’T)  for  the  two 
helicopters  are; 

900  lb  payload  helicopter  CP'!'  = $1780 

3000  lb  p.iyloafl  helicopter  C I’'!'  = $3280 

'I'he  number  of  trips  required  per  year  p(>r  site  (NT)  is  given  by 

NT  = 3nrj/Al’M  (7-2) 


LIKK  rYC’l.K  COST  F.(^CATU)NS 


riu'  swsicm  :iiul  i'diiiikiiumU  mctiTs  needl'd  in  llu'se  equ.dions  :ii'e  listed  in 
ihles  7-!i , . -1 , n nd  7-:i . 

The  cost  equations  to  be  used  are  flescriljc'd  as  follows: 


1.  No.  of  failed  components  of  this  t\’pe.  NKAIL. 


N'l'Y  I 


NF.Ml..  = 

j 


^ /NSYS  • NYU  • YOU  • FU.  • NPTYP..' 

V ' i il 

V 10« 

3 = 1 


(7-3  I 


Note:  The  quantity  within  the  summation  should  be  raised  to  the 
ne.xt  highe.st  integer. 


2.  No.  of  pipeline  spares  required,  NPIPE^ 

NITPE  represents  the  spares  required  to  keep  the  system  in  service 
while  the  failed  components  :ire  being  repaired 


NT\P, 


NPIPE 


' /NSYS  • NYU  ■ YOU  . FR.  • NPTYP..  • DRCT  • (l-COND.)\ 


j = 1 


\ 


10 


(7-4) 
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Note:  If  the  quantity  within  the  summation  is  less  than  the  number  of 
depots,  then  the  quantity  is  set  equal  to  NDEPOT.  In  any  case, 
it  must  be  integerized. 


3.  No.  of  s[)ares  purchased,  NPUR 


NTYP. 


N PI  !{. 
1 


E ( 

3 - 1 


^ / NSTS  • NYR  • YOU  • FR.  • Nin'YP..  • COND. ' 

I 1 kl L 

f) 


(7-5 ) 


10 


OnC('  again,  the  quantity  within  the  summation,  if  it  is  nonzero,  must  be 
integerized  and  greater  than  the  number  of  depots. 
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TAIU.K  7-3.  Cost  \ AUIABLKS  AND  I’AUAMKTEiBS 


S\  tiibol 

Oescription 

Cnits 

Value 

S\stcin  Parameters 

NSVS 

No.  of  systems 

80 

NYR 

No.  of  \’ears  in  the  radar  life 

yrs 

20 

Y(>H 

Yearly  ojK-ratinp;  hoars 

h 

8700 

CPIM,^ 

Cost  tf)  maintain  an  item  in  the  ffovernment 
inventory 

S item 

105 

Cl’LMj 

Cost  to  enter  an  item  in  the  ttovernment 
inventory 

$ item 

500 

DUCT 

Oc|)ot  repair  cycle  time 
(Fraction  of  total  radar  life) 

0. 00833 

BLR 

Base  labor  rate 

.'?/mh 

20 

01. R 

Depot  Labor  rate 

$/mh 

25 

NI 

No.  of  new  items 

200 

RT 

Total  power  used 

\V 

975/1080 

CKW 

Cost  per  kilowatt  hour 

$/kWh 

0.  12 

Ci’T 

('o.st  per  tri[) 

$ 

1780/3280 

N'OHPO'F 

No.  of  depots 

(i 

N'l' 

No.  of  trips  per  year  per  system 

nr:  AT 

No.  of  component  cost  catcftories 

17 
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TAIU.K  7-4.  CUMI'ONENT  lAUlA.METElES 


Symbol 


COST 


(,)TY. 


NTYIA 


N’l’TYlY. 

i.; 

c;<'<ND. 

1 

HMH. 

1 

DMH. 

1 

RPC. 

1 


Description 

Co.st  of  Component  c:itenor>' 

'l'ot;il  number  in  this  comp<jnent  c;itenor>- 

N'o.  of  (liffcrc'nt  types  within  category  te.^;;.  , no.  of  different 
1. inds  of  lar^re  l)oards) 

No.  of  type  of  component  within  the  i^'^  category’ 

Fraction  of  components  condemned  on  failure 

On-site  mh  to  identify,  remove  and  re[)lace  failed  com|)oncnt 

Depot  level  mh  to  repair  failed  component 

A\ora{;e  re|)air  parts  cost  for  component 


TA15I.E  7-0.  COST  \ AH1AB1.ES  AND  l^ARAMETERS  - OVERAI.L  COSTS 

Symbol  Description 

C.MCR  Material  cost  of  re|)air.  'I’otal  cost  of  repair  parts 

CLE^  Cost  of  initial  and  replacement  spares 

CLE,^  On-e(|ui|)ment  (on-sitc)  labor  costs 

CLE,,^  Off-e(|uipment  (at-depot)  labor  costs 

CPI’  Cost  of  prime  power  (veaiTy) 

CT  Cost  of  preventive  maintenance  trips  (t’carly) 

CSIMj^  Yearly  cost  of  maintaining  an  item  in  the  j>overnment  inventory' 

(YSl.Mj  Initial  cost  of  maintaining  :in  item  in  the  fjovernment  inventory’ 
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Cusl  of  initial  anti  rc‘()lacoment  spares,  CLK^ 

The  cost  of  spares  over  the  life  of  the  system,  assuniinp;  no  safety 
and  no  chan^;e  in  cost  of  spare  production,  is  given  by 

NC.^'I 

CLb,  = NiM'R.  • Cost. 

1 / j I 1 

i=  1 

Material  cost  <T  repair,  CMCR 

The  cost  of  repair  [larts  over  the  life  of  the  system  is  given  liy: 
NCAT 

CMCR  = ^ NFAIL.  • (1  - COND.)  • RPC. 

i = 1 

f)n-oquipment  labor  costs,  CI.F,.^ 

The  cost  of  labor  for  repair  at  the  site  is  given  by: 

NCA 1’ 

CT.E  , = NFAIl..  • HMII.  • BLR 

i=  1 

( iff-equipiiK'nt  lalit'r  costs,  CFF.^ 

The  cost  of  labor  repair  at  the  depot  level  is  given  by; 

NCA 'I' 

Cl.F,,  ^ NFAIl..  • D.Mll.  • DFR  (1  - CON'D.) 

2 I 1 1 

1 1 

Cost  of  prime  fiowcr,  CPP 

fhe  yearly  cost  of  jirime  power,  per  system  is  given  by 


CPP  = YOU • 

P f • CKW 

Co.st  of  supply  item  management 

a)  Initial 

CSf.Mj  = 

CPIMj  • NI 

b)  Yearly 

CSIM,^ 

CPlMj^  • NI 

spares. 


(7-G) 


(7-7) 


(7-8) 


(7-!D 


(7-KD 


(7-11) 


(7-12) 
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10.  Cost  of  trnn.sportntion,  CT  (per  system  per  year) 

CT  = NT  • CPT  (7-13) 

h.  LIFE  CYCLE  COSTS 

The  equations  displax cd  in  the  previous  section  were  used  to  develop  costs  for 
four  different  systems  and  four  different  levels  of  component  reliability'.  The  sys- 
tems and  reliability  levels  are  described  below.  The  total  80  system,  20  year  costs 
are  displayed  in  TaJ)le  7-0  and  the  per  year,  per  .system  costs  arc  displayed  in 
Table  7-7. 

(1 ) System  Descriptions 

The  following  systems  were  costed  on  the  basis  of  128  boards  in  the  array. 

• CCD  Si^Tial  Processor  and  MatrLs  Switched  Array 

• CCD  Sii^Tial  Processor  and  Delay  Bit  Steered  Array 

• C.MOS  Si^al  Processor  and  MatrLx  Switched  Array 

• CMOS  Sij>yval  Processor  and  Delay  Bit  Steered  Array 

(2 ) Hcliabilitv  Options 

The  following  reliability  o[)tions  apply: 

1.  Baseline  approach  using  JAN  TX  and  B-2  type  components. 

2.  Increased  reliability  obtained  by  using  type  A components  on  all  digital 
boards. 

3.  Further  reliability  increased  by  using  J.-\N  TXV  components  in  serial 
pc’rtions  of  array  and  analog  receive. 

4.  Final  reliability’  increase  obtained  by  using  all  JAN  TXV  components  in 
the  array  and  receiver. 

Cost  coefficients  wer(>  assumed  for  base  and  depot  labor  rates  and  prinie  power 
cost.  An  analysis  of  the  sensitivity  to  these  coefficients  is  [)erformed  in  the  follow- 
ing sectifjn. 
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TABl.K  7-7.  OPEIUTIONS  .AND  MAINTEN.ANCE  COSTS 


Notes;  1.  Assumes  use  of  3 9i)0-lb  paylo.ni  helicopter. 

2.  .Assumes  use  of  a .30tio-lt)  paylo.icl  helicopter. 


1. 


FA  HA  M E TK  i{  A li  lA  I’K  )N  S 


Since  the  maintenance  concept  has  not  been  s()ocifie(i,  only  a general  concept 
was  assnmefi  and  therefore',  some-  of  the  cost  parameters  are  not  well  rlefined.  It 
was  flecifk'd  to  choose  typical  yalues  for  these  parameters,  and  then  analyze  the 
sensitiyity  of  the  costs  to  these  values.  The  i)arameters  to  lie  varied  are; 

CKW  Cost  [>er  kilowatt  of  prime  pow'er 

1>1.H  Depot  labor  rate 

HER  Base  labor  rate 

NDEFOT  No,  of  depots 

n ) Frime  Power  Cost 

Since  power  cost  coefficients  are  not  known,  the  power  cost  for  each  of  the 
systems  will  be  analyzed  parametrically. 

Figure  7-3  shows  the  yearly  power  costs  for  various  cost  coefficients. 


Figure  7-3,  Power  Co.st  as  a Function  of  Hate 


Exclusive  of  powcu',  the  average  yearly  operating  cost  for  each  system  is  on 
the  order  of  S20,  ono.  Assuming  cost  coefficients  in  the  area  of  0.  05S/k\Vh  to 

0.  15$/k\Vh,  then  power  ranges  from  2'i  to  10',,  of  the  total  yearly  cost  of  operating. 
Over  the  life  of  the  .system,  the  difference  between  the  maximum  and  minimum  power 
systems  is  about  .'j2u00  per  sy.stein  or  about  .S200,  000  for  all  8o  systems.  This  dif- 
ference is  less  than  0.5',  of  the  total  life  cycle  cost  of  the  80  systems.  Therefore, 
overall  system  costs  are  insensitive  to  [)ower  cost  coefficients  over  reasonable 
ranges. 

(2 ) Base  and  Depot  Labor  Rates 

Tabor  costs  appear  in  the  transi)ortation  costs,  as  well  as  in  the  depot  and  base 
repair  costs.  Depending  on  the  system,  labor  costs  average  between  8 to  15  percent 
of  the  yearly  costs.  Thus,  variations  in  labor  rates  over  wide  ranges  will  not 

drastically  affect  overall  costs. 

(8 ) Number  of  Depots 

The  effect  of  the  number  of  de|)ots  is  felt  in  three  ways: 

1.  Test  Equipment  Costs 

2.  Spares  Costs 

3.  Transportation  Costs 

Test  equipment  costs  ($187,200  per  dei)ot)  are  a relatively  small  fraction  of 
total  system  co.sts,  and  may  be  neglected. 

Spares  costs  are  not  negligible,  but  the  variation  in  these  costs  when  increasing 
the  number  of  depots  from  1 to  12  is  less  than  1 percent.  In  fact,  to  completely 
spare  all  80  systems  at  each  site  would  only  increase  the  cost  of  spares  (for  system 
D-1  the  CMOS  signal  processorl  from  $13M  to  $14. 8M,  Therefore,  the  effect  of 
increasing  the  numbeu*  of  depots  on  s[>ares  costs  will  be  neglected. 

fransportation  costs  are  inver.sely  related  to  the  number  of  depots.  A re:ison- 
able  assumiition  is  that  floubling  the  number  of  depots  from  0 to  12  will  essentially 
reduce  the  trans|)ortation  time,  and,  therefore,  reduce  the  costs  by  a factor  of  two. 
fable  7-8  shows  this  would  be  a significant  cost  savings. 

I bus,  from  the  .standiioint  of  0&-M  costs  for  the  unattended  radar,  the  net 
effect  of  increasing  the  depots  is  to  reduce  the  overall  costs. 


SMAl.I.  HOARD  l.ARCK  HOARD  (’( >M  HAKISON 


The  choice  hetween  small,  throw-auay  [U’inted  circuit  hoards  and  larf'o  re- 
pairahle  multiuire  hoards  is  not  (dear  cut.  A tru('  coni()arison  shoidd  not  only  include 
the  initial  construction  and  chechout  costs,  hut  also  the  maintenance  and  spares  cost 
over  the  life  of  Hu  system.  .Actually,  the.se  costs  can  all  he  expressed  in  relatively 
simple  equations,  hut  the  simplicity  is  deceptive  since  most  of  the  parameters  in  the 
cijuations  are  not  precisely  ktunvn. 

The  follow  inn  definitions,  gfound  rules  and  assumptions  will  he  us''d  throughout 
the  analysis; 

• Costs  ari>  hastxl  on  80  systems  operating  for  20  years. 

• Large  and  .small  hoard  construction  costs  are  based  on  hroad  averages. 

The  cost  of  e;ich  large  hoard  is  assumed  to  he  the  same,  as  is  the  cost 

, of  each  small  hoard. 

• The  numher  of  different  tyi)es  of  hoards  does  not  have  a significant  effect 

I so  all  hoards  will  he  treated  as  if  they  were  identical. 

'l 

• All  small  hoards  aie  condemned  on  failure  ("throw-away")  , all  large 
hoards  are  depot  repairahle. 

• Small  hoards  have  a 10  hoard  fault  area,  large  hoards  have  a 1 hoard 

’ fault  area. 

( 1 ) Large-t<;-Small  1C  Crowth 

It  is  unlikely  that  exactly  the  same  numher  of  IC's  will  he  required  for  both  the 
large'  and  small  hoard  concepts.  Fault  (Ltection  and  location  will  prohahlv  force  n,i.r< 
components  to  he  nee'dc'd  for  the  small  hoards.  A five  to  ten  percent  growth  in  th. 
numher  of  IC's  is  :issuined. 

Hoard  Descriptions: 

Small  - ( Type  !)  :i  in.  x 2. -1  in. 

4 IC's  l-r>()  pin  connector 

7.  7 in.  X 1 1 in. 


Large 


slots  lor  !)0  IC's  hut  usually  liiiute<l  h\  . •.nn>i  ' f 
etc.  to  ^ 4r>  IC's/hoard  L4a  pin  < 


'AD-A044  27*1 


unclassified 
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H:isk'  m;ifori;il  ,md  I'osts: 

Larn«'  Hoard  Matc'rial:  $ir>f) 

l,al)or:  .SCi'.i 

K's:  S!Ht() 

')  nlal  < 'o.sl  SI  ]•/.!) 

Small  (Type  I)  Hoard: 

Material  = $31 

Labor  = $8 

IC’s  = $80 


=:$120 

Total-Idfe  Cycle  Cost  of  Electronics; 

The  following  listings  affect  the  electronics  total  life  cycle  costs: 


Variables 

NL 

= 

No.  of  large  boards 

= 60 

NS 

= 

No.  of  small  boards 

= 720 

MTBF^ 

= 

.Mean  time  between  failures  (large  boards) 

= 3.3  X 10“*  h 

MTBFg 

Mean  time  between  failures  (small  boards) 

= 4 X 10^  h 

NSYS 

= 

No.  of  systems  purchased 

= 80 

NYR 

No.  of  years  of  operation 

= 20  yrs 

YOH 

Yearly  operating  hours 

= 8760 

DRCT 

= 

Depot  repair  cycle  time  (fraction  of  total 
radar  life) 

BMHj 

= 

Man-hours  to  identify,  remove,  replace  boards 
on  site  (large) 

= 0.  1 

BMHg 

= 

Same  as  BMHj^  except  for  small  boards 

= 0.2 

DMH^ 

= 

Same  as  BMHj^  except  at  the  depot 

= 0.33 

BLR 

= 

Base  labor  rate 

$20/h 

DLR 

= 

Depot  labor  rate 

$25/h 

COSTj 

= 

Large  board  cost 

1120 

COSTg 

= 

Small  board  cost 

120 

RBCl 

= 

Average  repair  parts  cost 

60 
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1.  Total  Investment  Costs  (Cl) 

CIj  = Nj  • NSYS  • COSTj  = $5,376  x 10^’ 

p 

CI„  = N • NSYS  . COST  = $fi.912  x 10 

2.  Cost  of  Initial  and  Replacement  Spares 

CLE  , = NSYS  • NYR  • YOH  • NL  • DRCT  • COST/MTBI-\  = $2.37  x 10^ 

1 L ^ 

(Cost  to  keep  pipeline  full) 

CLE,,.  = NSYS  ■ NYR  • YOH  . N„  • COST/MTRF„  = $3.03  x 10 
IS  ^ ^ 

3.  Material  Cost  of  Repair 

(Since  no  small  hoards  are  repaired,  this  cost  is  zero  for  small  boards.  ) 

CMCR,  = NSYS  • YOH  ■ NYR  • NL  • RPC,  /MTBF„  = $1.53  x 10^ 

L t'  r 

4.  Labor  Cost  of  Repair 
(On  equipment ) 

CLE^j^  = YOH  • NSYS  . BMHj  • NYR  • BLR  • N^ /MTBFj^  = $5.  09  x 

CLE2g  = YOH  • NSYS  • BMHg  • NYR  • BLR  • Ng/MTBFg  = $1.01  x 10^ 
(Off  equipment) 

(This  cost  is  zero  for  small  boards.  ) 

CLE.„  = YOH  • NYR  • NSYS  • NL  • DMH,  • DLR/MTBF,  = $2.08  x 10^ 
t>L  Li 

Total  Cost 

Large  Board  $7.4  x 10 

Small  Board  $10.04  x 10^’ 

Thus,  under  the  stated  ground  rules,  the  large  board  costs  are  approximately 
74'  of  the  corres()onding  small  board  design  and,  therefore,  the  recommended  ap- 
proach is  to  use  large  boards. 


k. 


TOTAL  SVSTKM  MANMOLKS 


The  total  number  of  manhours  spent  in  maintenance  is  not  a cost  figure, 
hut  is  inclucie<i  for  consideration.  Table  7-8  identifies  the  per  year  per  system 
manhours  spent  in  replacing  and  repairing  radar  components  for  each  of  the  systems 
costed. 

TAHLK  7-8.  TOTAL  PER  YEAR  PER  SYSTEM  MANHOURS 


System 

On-Site  Manhours 

Depot  Manhours 

A-1 

10.  0 

10.  0 

A -2 

4.5 

3.  0 

A -2 

4.5 

3.  0 

A -4 

3,  0 

3.  0 

B-1 

11.0 

10.5 

B-2 

5.5 

4.0 

B-3 

5.5 

4.  0 

B-4 

4.  0 

4.0 

C-1 

11.5 

12.  0 

C-2 

4.5 

3.5 

C-3 

4.5 

3.0 

C-4 

3.0 

3.  0 

D-1 

12.5 

13.0 

D-2 

5.5 

4.5 

n-3 

5.5 

4.  0 

I)-4 

4.5 

4.  0 
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^ MISSION  5 

^ Rome  Air  Devebpment  Center  ^ 


RADC  plans  and  conducts  research,  exploratory  and  advanced 
development  programs  in  command,  control,  and  communications 
(C^)  activities,  and  in  the  areas  of  information  sciences 
and  intelligence.  The  principal  technical  mission  areas 
are  communications,  electromagnetic  guidance  and  control, 
surveillance  of  ground  and  aerospace  objects,  intelligence 
data  collection  and  handling,  information  system  technology , 
ionospheric  propagation,  solid  state  sciences,  microwave 
physics  and  electronic  reliability,  maintainability  and 
compatibility . 


Printed  ky 

Stata*  Air  Fare* 
Haaacam  AFB,  Matt.  01731 


